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FOUR SHILLINGS AND SIXPENCE 


The Structural Engineer 


Architects : 


S.N. Cooke & Partners F./F.R.1.B.A. 


Main Contractors: 


William Towson & Sons Ltd,, Bolton, 


‘GMa TIP 088" 


The reinforcement fabric used in the Metal Box — 
Company factory at Bolton was supplied by 
Richard Hill. Do you need reinforcements? Then - 
call up the Maxweld man! He can give you all the facts 
on the type and quantity of fabric you’ll need plus a 
rough idea of the cost. And he’s backed by the 


Richard Hill Design Service 


who can then draw up more detailed plans and 
estimates. You can get him at Middlesbrough (2206), 
London (Mayfair 3538), Birmingham (Mid. 5625), — 
Manchester (Central 1652), Leeds (2-7540), Bristol (24977), - 
Glasgow (Central 2179), Nottingham (Bulwell 27-8383), 
Bournemouth (Westbourne 63491). 
Belfast (29126). 


Maxweld faic 2 


is manufactured by RICHARD HILL LIMITED (Established 1868). 
Newport Wire and Rolling Mills, Middlesbrough, Yorkshire. Tel: Middlesbrough 2206 
: | - A MEMBER OF THE FIRTH CLEVELAND GROUP 
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STRUCTURAL 
STEELWORK 


THOS. W. WARD LTD 


ALBION WORKS - SHEFFIELD 


PHONE:- 26311 (22 LINES) - GRAMS:- FORWARD SHEFFIELD 
LONDON OFFICE:- BRETTENHAM HOUSE, LANCASTER PLACE, STRAND, W.C.2 PHONE - TEM 1515 
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Steelwork by...--.. 


British Railways, Lincoln. Modernisation of Holmes Yard Goods Depot. Structural Steelwork for 
Perambulation Shed. 


The works are under the general direction of A. K. Terris, M.I.C.E., Chief Civil Engineer, Eastern Region 
British Railways, with C. H. Dobbie & Partners as the Consulting Engineers and William Moss & Sons 


Ltd., as the main Contractors. 


& COMPANY LIMITED 


PELE SOM 


Structural Engineers & Contractors 


Over eighty years accumulated experience in the design, fabrication 
and erection of every type of constructional steelwork, riveted or 
welded. 


Personal attention is assured to all enquiries, and our advisory and 
designing staff is at your service to bring their skill and experience 
to your particular problem. 


Emergency requirements can be promptly executed from stock 
materials. 


Gray’s Inn Chambers, 20 High Holborn, London, W.C.l 


TELEPHONE: HOLBORN 218] (PRIVATE BRANCH EXCHANGE) TELEGRAMS: ALLEGRETTO, HOLB., LONDON 
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chosen for the new ROLLS-ROYCE 


HIGH ALTITUDE TEST FACILITY AT DERBY 


The buildings which comprise the new High Altitude Test Facility of this 
world-famous company, are of all-welded rigid frame construction. The 
total weight of steel involved is approximately 1,200 tons. Consulting 
Engineers:— McLellan & Partners in association with Merz & McLellan. 


Consulting Civil Engineers: — R. T. James & Partners. 


JOHN BOOTH & SONS (BOLTON) LTD., HULTON STEELWORKS BOLTON 


Telephone : BOLTON 1195. 


London : 26 VICTORIA STREET, WESTMINSTER, S.W.|. Telephone : ABBey 7162 


The Structural Engineer 


Fitted with the newly-designed, streamlined canopy the ““BROOMWADE” range of 
Portable, Rotary Air Compressor Plants is meeting with remarkable success at home 
and overseas. 


Tested on long trial runs under conditions varying from arctic to equatorial they 
have proved themselves to be of outstanding design and performance. 


V, 


ROTARY PLANTS GIVE YOU 
THESE ADVANTAGES :— 


e CHEAPER and SIMPLER to maintain. 
e Components REDUCED to about 50% of the reciprocating type. 
» LIGHTER in weight, SMALLER in size. e COOL, CLEAN delivered air. 


Available with outputs from 120-630 cu. ft. F.A.D. 


BROOMWADE 
AIR COMPRESSORS & PNEUMATIC TOOLS 
Your Best Investment 


Type WR 120 Rotary 
Compressor, delivering 
120 cu. ft. F.A.D. per 
minute at 100 Ib. per 
sq. in. pressure. 


BROOM & WADE LTD., P.O. BOX No. 7, HIGH WYCOMBE, ENGLAND 
Telephone: High Wycombe 1630 (10 lines). Telegrams: ‘‘ Broom”, High Wycombe. (Telex.) 


Visit our Stand 


PUBLIC WORKS 
& MUNICIPAL 
SERVICE 
EXHIBITION 
OLYMPIA 
10-15 NOV. 1958 
STAND 28 
GRAND HALL 


597 SAS » 
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Man-hours are saved 


when Banister, Walton are doing 
the steel framework. General 
know-how, together with immediate 
availability of steel stocks, speeds 


up construction, and that means 


economy in ultimate cost. 


BANISTER, WALTON & CO LTD . Structural Steel Engineers and Stockholders + MANCHESTER - LONDON - BIRMINGHAM 
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Even in wet storage 
HYDRACRETE 
keeps dry 


Hydracrete is the special Hydrophobic and Water- 
repellent Cement developed by the Blue Circle Group. 
It has proved in practical use over several years to be 
highly resistant to the absorption of water during 
storage under the most humid conditions. 

Wastage due to deterioration of cement, caused by 
prolonged or faulty storage, can be a serious item. This 
is more frequent in tropical conditions, but waste as a 
result of air-setting is an important problem in humid 
climates which occur even in parts of the British Isles. 
Even when subjected to rain in the open, Hydracrete 
in contact with the bag will form a skin which breaks 
down in the concrete mixer without loss of 

strength in the resulting concrete. 


There’s no waste with HY DRACRETE 
Hydrophobic Cement 
Write for booklet giving full details 


THE CEMENT MARKETING COMPANY LIMITED, 
PORTLAND HOUSE, TOTHILL STREET, LONDON, S.W.1. 
G. & T. EARLE LIMITED, HULL. 

THE SOUTH WALES PORTLAND CEMENT & LIME CO. LTD., 
PENARTH, GLAM, 


The Structural Engineer 


—_—— 


November, 1958 7 


FROM BRITISH OXYGEN - FOR BRITISH INDUSTRY 


Flame cleaned bridge 
—paintwork 
still perfect 


after ten years! 


Just how effective Flame Cleaning is in the 
battle against rust has been proved on the 
Spondon Railway Bridge near Derby. This 
bridge was Flame Cleaned and painted in 1944 
—ten years later the paintwork was still in 
perfect condition! Results like this prove the 
effectiveness of Oxy-Acetylene Flame Cleaning 
to reduce corrosion, prolong paint life and cut 

maintenance and replacement costs. Have 
you investigated the long term savings 
possible with British Oxygen 

Flame Cleaning ? Write for 
illustrated literature. 


British Oxygen Gases Ltd., Industrial Division, 


BRiITIsSs = ox YGEN Spencer House, 27 St. James’s Plase, London, S.W.1 


Power 
without 
vibration 


e Essential at 


te? BEB Gs 


For advice on any kind of vibration problem consult : 


1D) YIN tb © IP 


DUNLOP RUBBER COMPANY LIMITED, 
(ENGINEERING COMPONENTS DIVISION) 
FORT DUNLOP, BIRMINGHAM, 24 


aspclPcio 
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The electrical generator shown below is installed in 
the British Broadcasting Corporation’s buildings 
at Maida Vale. | 


To prevent transmission of vibration through the 
building structure to the recording studios, the 
generator is isolated by the DUNLOP 


*¢ foundation-mounting ”’ principle. 


The closely controlled characteristics of DUNLOP 
compounds, coupled with the latest advances in 
rubber technology and vibration theory, provide 
engineers with a predictable insulation material for 


a wide range of applications. 
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why pay up 


a5e) 
2300; 


for covering down 


when there’s 


MEMBRANE CURING LIQUID 


A one coat application of Ritecure is sufficient 
to ensure perfectly controlled curing of 


concrete in either hot or cold climates. FOR CONCRETE ASSISTANCE 
Simply sprayed on. Ritecure eliminates covering Stuart B. Dickens provide an ad- 
down and wetting and results in a first-class visory service staffed by practical field 


job at sensibly reduced labour costs. men qualified to discuss and help with 
specific problems of concrete. The 


service, which is free, includes where 


required the preparation of detailed 


specifications and quantity estimates. 
For further information write : 
36 Victoria Street, London, S.W.1. Tel: Abbey 4930 & 6157 


ST U A RT B D I C K E ql S LT D. Works: Manor Way, Boreham Wood, Herts. 


Tel: Elstree 2211 
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STRUGTURAL STEELWORK BY Burren2ney 


Central Plant Repair Depot at Ambergate 
for Derbyshire County Council. 


County Surveyor S. Mehew, O.B.E., 


ee hea ak a ‘THE BUTTERLEY COMPANY LIMITED + RIPLEY - DERBY - ENGLAND 
Main Contractors Messrs. Wharton 


& Evans Ltd Tel: RIPLEY 411 (9 lines) 


Welded portal frames 56 ft. span— London Office : 9 UPPER BELGRAVE ST.,S.W.I| Tel: SLOANE 8172/3 


the length of the shop is 208 ft. 


E Demolition & Construction | 


LONDON -. CARDIFF - LIVERPOOL - NEWCASTLE-ON-TYNE 
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No. 14 IN A SERIES SHOWING TECHNICAL DEVELOPMENTS IN CONCRETE CONSTRUCTION 


Quicker and Cheaper Building by 
Pre-stressed Concrete 


Raynor's Road Overbridge, constructed for the New Zealand Railways 


This bridge was tendered for as an Johnsons were in at the start with wire for pre-stressed 


alternative to reinforced concrete and concrete. Their technicians worked with the Continental 


SC as OU ae core pioneers in the development of the technique, and today 


bly ch . Another big advant- Basse : , : 
esas estaba ata 2 : Johnsons wire is specified in a large number of important 


age of using pre-stressed concrete was 3 
; heii. pre-stressing contracts. 
in the complete elimination of 


interference with rail traffic. 
Technical details concerning ser er eee rece, Omrren | mes erry) eee sm ay 


Johnsons wire and illustrations of 
"| Wire was essential — 


other projects are available in 


brochure form. | | 
Sponsor : | | 

New Zealand Railways. 
Design: ! of course ! | 


Pre-Stressed Concrete (N.Z.) Ltd. 


Contractors : | 
B & B Concrete Co. Ltd. eee Ee a See — ee Dl Oe 


Richard Johnson & Nephew Ltd., Manchester, 11. Telephone EASt 1431. 
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All types of Steel Framed Buildings; Fixed and 
_ Opening Bridges; Cranes and Mechanical Engineering 
work; Dock Gates; Sliding and Floating Caissons; 
Compressed Air Locks; Hydraulic Machinery; Pipe Lines, 
Surge Tanks, Sluices and other equipment 
Sor Hydro-Electric Projects. 
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BUCKLERSBURY HOUSE STANDS ON 
3,500 BORED PILES 


This is the site on 
fir St vaignraay was This important Office Building in the City 

ch zB of London, I7 storeys high including the base- 
ment floors, is supported on Cementation 
Bored Piles. Approximately 3,500 were 
constructed well within the contract time 
despite the fact that delays were unavoidably 
occasioned by the deliberations on the fate of 
the Mithras Temple discovered on the site 
and other major difficulties inevitable on such 
a large site. 

The construction of a surrounding wall 
to retain the adjoining Queen Victoria Street, 
Cannon Street and Bucklersbury was greatly 
facilitated by the use of our bored piles. 


The close proximity of important buildings 
including the Mansion House and services 
such as the Underground Railway made it 
necessary to reduce noise, vibration etc., to 
an absolute minimum. 


COMPANY LIMITED 


HEAD OFFICE: 20, ALBERT EMBANKMENT, LONDON, S.E.II. Tel: RELiance 7654 
WORKS (& OFFICES: BENTUEY “WORKS. D:OINIGAS SEI - Tel: 54175 & 54136 


TEST BORINGS 


To ensure 


THE STABILITY OF FOUNDATIONS 
AND EARTH WORKS 


OBTAIN RELIABLE 
INFORMATION OF 
GROUND CONDITIONS 


@ 

GEOPHYSICAL SURVEYS 
2 ; 

SOIL SAMPLING & TESTING 


e 
REPORTS ON GROUND 
CONDITIONS 


GROUND EXPLORATIONS L'? 


75 UXBRIDGE ROAD, EALING, W5 
Phones: EALing 1145/6 and 9251 /2 
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y OPEN STEEL FLOORING 
\\ CAN SAVE REAL MONEY 


. by specifying 


ges 
) 
¢ Serra strate? 
plain ages we 
«ne 
cpiain 


Monolithic °Pen floorin 
EXCLUSIVE FORG L 


& Product of 
CONSTRUCT] 

Is designed to m 

i Twisted Cros 


Sbars gi 
SERVICE 


Large Stocks of Standard 20 ft. x3 ft. Panels are held 
ready for IMMEDIAT delivery, De 
for tailor-ma 


livery schedules 
de panels can be alTanged to Meet site 
requirements. 


ve a non 


: Is eg X; is completely 
adaptable to th has no CTEVices to ho 
and start Corrosi i 


» Ships wal -ways, Scaffolding 
platforms, earthing frames, etc, 


Write for Flowforge Publication No. 18] 


ORKS 
f RDESLEY W 
ANDLING DIVISION - BO 

LH 

MATERIA 


2371 
Tel: vic BLIN 
T ind DU 
HAM, 12 N-TYNE, BRISTOL, BELFAST a 
BIRMING GOW, NEWCASTLE-ON- 
TER, GLASGOW, 
MANCHES 
LONDON, 
Also at 


mS 
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How HOPE’S 
made quite sure 


RUSTODIAN 


is the primer for 
galvanized steel 
windows 
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Rustodian has convinced Henry Hope & Sons Ltd., 
that there is nothing like a Calcium Plumbate 
Primer for galvanized metal window frames. 
Hope’s are one of the largest makers of galvanized 
metal window frames in this country. 


TI 


WA 


In their own words, in their own catalogue, they say:— 

“PAINTING. Asa priming coat we recommend the use of calcium 
plumbate primer ‘RUSTODIAN’. This paint will adhere firmly to 
a newly galvanized window without any prior etching treatment. 


7 


We deprecate the use of mordant solutions applied to windows ona 
building site. Calcium plumbate primer *Rustodian’ forms a good 
base for any good oil paint. 

It is advisable to apply the primer before glazing.’? 


MMMMMM@T@@@H@@CTV@@=qTV@=|@qUMMM@MM@ilMdhea 
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: The exceptional adhesion and rust inhibiting 
properties of Rustodian are commending it to many 
N . other manufacturers, public authorities and architects 
for all iron and steel and galvanizing. Rustodian is 
manufactured under British Patent No. 574826. 


+ Associated Lead Manufacturers Limited 
A OC ! AT - D LE A D is a single Company which specialises in the 


manufacture of Lead Pigments and Lead Paints. 


Md 


(M4 


CLEMENTS HOUSE, 14 GRESHAM ST., 
LONDON, E.C.2. ASSOCIATED 
CRESCENT HOUSE, NEWCASTLE, ote 
LEAD WORKS LANE, CHESTER 

EXPORT ENQUIRIES: ASSOCIATED LEAD MANUFACTURERS EXPORT CO. LTD., CLEMENTS HOUSE, 14 GRESHAM STREET, LONDON, E.C.2 | 
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Extending 
the range of 
simplification 


The new Dorman Long Universal Beam 
Mill is rolling beams having several 
times the load-carrying capacity of any 
previously rolled in this country: these 
are suitable for bridge spans or heavily 
loaded buildings without the need for 
additional flange reinforcement. 


A great deal of plating and compounding 
of girders is thereby eliminated. 


The range of simplification is still further 
extended by the availability of heavy 
Tee-sections cut from the large universal 
beams. Two such Tees, with a web-plate 
welded in, provide a deep plate girder 

of great load capacity. 


The yellow section shows this construction; 
in red is the 36” by 1634” universal beam, 
in blue the 24” by 12”, previously the 
largest rolled in this country, now 
available in three weights, and in grey 

is shown the largest of the B.S. sections, 
24” by 73”. By way of contrast the 

little white section is the B.S. 3” by 13’, 
the smallest I section rolled by us. 


DORMAN LONG 
ES ae ee 
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everywhere 


ALGERIA 
ARGENTINE 
AUSTRALIA 
AUSTRIA 
BELGIUM 
BELGIAN CONGO 
BRAZIL 

BRITISH E.AFRICA 
BRITISH GUIANA 
BRITISH W. AFRICA 
BRITISH W. INDIES 
CANADA 
CEYLON 
CYPRUS 
DENMARK 
EGYPT 

EIRE 

FINLAND 
FRANCE 
GERMANY 
GREAT BRITAIN 
HOLLAND 

HONG KONG 
INDIA 

IRAQ 

ITALY 

LEBANON 
MALAYA 
MEXICO 
MOZAMBIQUE 
NEW ZEALAND 
NORWAY 
PORTUGAL 
RHODESIA 
SOUTH AFRICA 
SPAIN 

SWEDEN 
SWITZERLAND. 
SYRIA 

TURKEY 
URUGUAY 

U.S.A. 
VENEZUELA 


VENEZUELA VIADUCT 


S. RHODESIA WATER TOWER 


The Largest Piling Organisation in the World 


THE FRANKI COMPRESSED PILE CO. LTD - 39 VICTORIA STREET - LONDON SWI : CABLES: FRANKIPILE SOWEST LONDON 
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THOS. W. WARD LTD 


‘London Office: 
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shift it fast? 


Several thousand yards of earth to move? 


You can hire just the plant for the job from 
Wards. And it will be modern plant in 
good condition, and backed by a first class. 
service. Wards’ Hire Fleet is one of 

the most comprehensive in the country. 

It includes Excavators, Bulldozers, 

Scrapers, Dumpers, Loading Shovels, Air 
Compressors, Cranes, Lifting Tackle, 
Concrete Mixers, Tractors and Locomotives. 


Skilled Operators are 


available if required 
Ask for details of 
Wards’ attractive 
hire terms. 


Depots 
SHEFFIELD 
Tel. 26311 


Contractors Plant Division of GRAYS (ESSEX) 


Tel. 
Grays Thurrock 4764 & 4806 


GLASGOW 
Tel. Scotstoun 8083 


BRITON FERRY 
Tel. 3166/7 


COVENTRY 
Tel. Bedworth 3011 


BRETTENHAM HOUSE « LANCASTER PLACE - STRAND W.C.2 . Phone TEM 1515 © @©@@®@@@ 0800000 © 
LC67. 


Head Office: - ALBION WORKS + SHEFFIELD 
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DAWNAYS 
Sieae yy ORK 


Specialists in the design 
fabrication and erection of riveted 
and welded steel-framed structures 

of every description 


DAWNAYS LIMITED 


BRIDGE & STRUCTURAL ENGINEERS 


STEELWORKS RD:, BATTERSEA, LONDON, S.W.11. 
Telephone: BATTERSEA 2525 (10 lines) 


ALSO AT: SWANSEA : CARDIFF : WELWYN GARDEN CITY » NORWICH ° HULL 
SOUTHAMPTON : PETERBOROUGH - ROMFORD : VICTORIA STREET, S.W.| 
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... 1S a word easy to use but hard to 
justify. There is nothing unique about 
designing, sabricating and erecting 
STRUCTURAL STEELWORK, nor about 
i designing reinforced concrete structures 
mW nf - and supplying, bending and fixing the 
REINFORCEMENT . But. when. you 

have both these services available from - 
one organisation, either for separate 
structures or combined in one structure, 
with all structural requirements pro- 
vided from foundations to penthouse 
—then that is indeed ‘UNIQUE’. 
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Head Office Wood Lane, London, W.12 Telephone: SHEpherds Bush 2020 
Reinforcement Department 17 Buckingham Palace Gardens, London, S.W.1 Telephone: SLOane 5271 
South Wales Office Bute Street, Cardiff Telephone: Cardiff 28786 

Works Shepherds Bush, London Neasden, Middlesex - Treorchy, Glamorgan 
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by McCALLS 


The 
LEE-Mc CALL SYSTEM 
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A NEW APPROACH TO 
REINFORCEMENT IN CONCRETE ROADS 


MATOBAR ROAD MESH 


concentrates the steel 
where it is needed 


BARS CONCENTRATED 
WHERE CRACKS START 


BARS CONCENTRATED 
WHERE CRACKS START 


‘“MATOBAR ’ Concentrated Edge Reinforcement for concrete roads 
puts the steel where it is needed, that is along the edges and at the 
corners. Here it acts as an extra bonding medium, resisting any 
tendency to crack. 

A typical ‘Matobar’ Road Mesh, corresponding to BS104 and 
costing no more, has a sectional area of steel per foot width of 
0-435 sq. in. at the edges and 0-217 sq. in. at the centre of the , 
slab, compared with standard mesh giving 0-330 sq. in. all, 
across the slab. 
Write for the ‘Matobar’ Road Mesh Leaflet, which gives 
full particulars and the most effective methods of utilization. 


McCALL & COMPANY (herrieto) LIMITED 


TEMPLEBOROUGH - SHEFFIELD -: P.O. BOX 41 


Telephone: ROTHERHAM 2076 (P.B. Ex 8 lines) 


LONDON: SLOANE 0428 PORTSMOUTH: COSHAM 78702 
BIRMINGHAM: ACOCKS GREEN 0229 NEWCASTLE: 38793 
McCALL & COMPANY (SHEFFIELD) LIMITED McCALLS MACALLOY AFRICA (PROPRIETARY) LIMITED 
McCALLS MACALLOY LIMITED McCALLS MACALLOY (AUSTRALIA) PTY. LIMITED 
PRECISION ROOFS LIMITED McCALLS MACALLOY (CANADA) LIMITED 
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RectancuLar Ho.ttow SECTIONS 


R.H. Sections, having flat sides, eliminate the need for 
special shaping of component structural members prior to 
welding. Any straight-cut R.H. Section or tube will fit 
accurately against them, whether square-on or at an angle, 
and, moreover, lugs of various kinds produced from tube 
or bar are easily attached. 

Welding is simple and no bevelling is necessary. 


SIZES. 16 standard sizes of hot-rolled R.H. Sections are 
available, each in two thicknesses; they range from 13” square 
to 5” x 24”. Several sections have matching dimensions and 
this is of advantage in the production of neat fabricated 
structures. The 1.90” square R.H.S., for example, matches the 
short sides of a 3.68” by 1.90” R.H.S.; these matching 
dimensions are made clear in our pamphlet. 


Welded steelwork using R.H. Sections alone, or in conjunction with 
tubes, is completely sealed ; thus only the outside requires painting 
and there are no recesses to trap dirt or moisture. 


Our subsidiary, Tubewrights Ltd., of 25 Buckingham Gate, London, 
S.W.1, is willing to advise on or quote for any welded sub-assemblies 
or complete units in R.H.S., in tubes, or in a combination of both. 


R.H. Sections are sold in 21 ft. lengths in standard bundles and are 
stocked at S & L warehouses throughout the country. 


Pamphlet giving full dimensions, properties and prices 
will be sent on application to: 


Stewarts and Lloyds Ltd 


STRUCTURAL STEEL DEPARTMENT, BROAD ST. CHAMBERS, BIRMINGHAM, | 
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Rei: d concrete chimney supported 
CENTRAL ELECTRICITY GENERATING BOARD. NORTHAMPTON POWER STATION. on ere ee ot fromeeee und fet 
160 feet above the Power House roof. 


TILEMAN & COMPANY LIMITED 


Specialists in the design and construction of reinforced concrete for power and industry. 


ROMNEY HOUSE, TUFTON STREET, LONDON, S.W.1, Tel: ABBey 155% 


TIL 10308. 
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ROLLED EXCLUSIVELY IN THE UNITED KINGDOM BY 


Larssen piling cofferdam for 39" 
sewer to pass under the Grand Union 
Canal at King’s Langley, Bucks., 
in a scheme for the Colne Valley 
Sewerage Board. Consulting Engin- 
eers: Sandford Fawcett and Partners. 
Contractors: Howard Farrow Ltd. 


Because of its water-tightness, 
Larssen piling is the ideal material 
for the construction of cofferdams. 
The design of the interlocks is 

such that immediately the piles are 
driven, solid particles in suspension 
begin to form a seal, reducing 
seepage to an absolute minimum 
and providing safe, dry working 
conditions at any required depth. 
A further advantage in work of 
this nature is that Larssen sections, 
having fulfilled their purpose as a 
temporary protection for permanent 
construction, can be withdrawn, 
without distortion, for re-use. 


Central Sales Office: CARGO FLEET IRON WORKS, 
MIDDLESBROUGH, YORKS. 

Telephone: Middlesbrough 2631 (14 lines) 

London Office: SHELL-MEX HOUSE, STRAND, W.C.2. 
Telephone: CO Vent Garden 1181/6 


To assist engineers and contractors in the develop- 
ment of projects involving the use of Larssen piling, 
the South Durham Steel and lron Company Limited 
maintains a permanent staff of designers for consul- 
tation and the design of Larssen piling structures. 


LARSSEN 
‘PILING 


THE OUTSTANDING CIVIL ENGINEERING MATERIAL 
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RIVETEDoWELDED 
STEELWORK by 


SKINNINGROVE 


STANCHIONS 


COMPOUNDED, BATTENED : 
OR LATTICED LATTICE GIRDERS, ALL TYPES AND SPANS. 


ROOF TRUSSES, ALL SPANS 


WELDED 
PURLINS — BRACINGS PORTAL FRAMES 


SKINNINGROVE IRON CO. LTD. 
P.O. BOX NO. 1. SALTBURN, YORKSHIRE Telephone: LOFTUS 212 
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Building the future 


Power for the future, power 
for industry and commerce epitomises 
Wright Anderson. In the provision of steel buildings for 


BK) 
is iy, every industry they have the resources and 
Ke Uff) experience to ensure the most efficient contracting 
fH from planning to completion. 
If you are thinking ahead now is the time 
to call in Wright Anderson whose 
assistance can be a powerful factor in 
matters of time and economy. 
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WRIGHT ANDERSON & CO. LTD. 


CONSTRUCTIONAL ENGINEERS AND BRIDGE BUILDERS 
G.P.0. BOX 2, GATESHEAD 8, CO. DURHAM 


RELIABILITY 


Tel. Gateshead 72246 (3 lines). Grams: ‘‘CONSTRUCT Gateshead” 
London Office: Regent House, Kingsway, W.C.2. Tel. HOLborn 9811 


CONTRACTORS TO H.M. GOVERNMENT, CENTRAL ELECTRICITY AUTHORITY, NATIONAL COAL BOARD, ATOMIC ENERGY AUTHORITY AND CROWN 
AGENTS FOR OVERSEAS GOVERNMENTS AND ADMINISTRATIONS P4510 
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TAKE NO RISKS WITH 


FOUL GROUND 


CIMENT FONDU concrete is highly resistant to prac- 


tically all acidic ground conditions. It is also completely 
immune from any concentration of sulphates, even when 


in an immature state. 


MEN 


ALUMINOUS CEMENT 


Send for further information and special literature 


Manufactured by 
LAFARGE ALUMINOUS CEMENT GO. LTD., 73 Brook Street, London W.1. Tel: Mayfair 8546 
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DOW-MAC (PRODUCTS) LTD 
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Parking Garage for 900 cars 
completed in six months 


THIS SEVEN STOREY self-parking garage on 14 levels, one of the largest in 
the world, was built for Woodward Department Stores Limited in Vancouver, 
British Columbia and completed on schedule in six months—and this in a busy 
part of the city where construction had to be carried out in a confined working 
space with business as usual in the area around the site. 

The building is 323 feet long, and 100 feet high from basement to top of elevator. 
It is of reinforced concrete construction and has been both attractively and 
economically designed. At 4th floor level a structural steel bridge spans the 

road to give access to the main store. 

The resources of the Laing Companies, both in Britain and Overseas, contribute 
to speedier building. Co-ordinated planning control, facilities for site 
investigation and materials testing, maximum mechanisation, new operational 
techniques with new materials, and also a good reputation which we intend to 
keep—all these add up to efficient, economical on-time construction. 


Building and Civil Engineering Contractors 


JOHN LAING AND SON LIMITED * GREAT BRITAIN » CANADA * UNION OF SOUTH AFRICA : RHODESIA 
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Technical Education and Professional Training* 


By D. A. G. Reid, B.Sc.(Eng.), M.I.Struct.E., M.LC.E., (Member of Council) 


Introduction 


_It is now over twenty-five years since the Institution 
discussed a paper dealing with technical education 
the last occasion being in 1931 when my distinguished 
predecessor, Mr. F. E. Drury presented a paper on 
the subject. Mr. Drury included some further ref- 
erences to the education and training of structural 
engineers in his Presidential Address in 1945. 


During the intervening period far-reaching changes 
have taken place in the attitude of industry and of 
the nation at large towards education in general and 
towards technical education in particular and these 
changes have, in turn, influenced the policy of pro- 
fessional institutions in respect of their requirements 
for admission to corporate membership. The Council 
and the Education and Examinations Committee of 
this Institution have had the examination structure 
under almost constant review for the last ten years 
and, a year ago, the Council approved proposals for 
a new scheme which will come into force in 1961. 
Other engineering institutions also have changes in 
prospect so that, although there is no slackening in 
the rate of development, a stage has been reached at 
which it is possible to discern the general outlines of 
the picture of technical education as it is likely to 
appear during the next ten years. 


War-time Developments 


HE build-up of the present climate of opinion in 

respect of technical education and training may 
conveniently be divided into two parts, that which 
took place during the 1939-45 war and that which 
has taken place subsequent to 1945. 


The development during the war was a remarkable 
phenomenon only partly to be accounted for by the 
technical demands of the war effort. No official 
statistics are available for the years between 1938 
and 1947 but there is good reason to believe that the 
great increase in day-release for technical studies which 
took place during those years commenced about 1942. 
(See Fig. 1). Fig. 2 shows that admission to corporate 
membership of engineering Institutions also increased 
more rapidly from about that time. There was a 
corresponding increase in the number of full-time 
students in attendance at technical colleges, some of 
which could be traced directly to the demands of the 
armed forces (e.g. Engineering Cadets Courses). Fora 
substantial part of this increase, however, other reasons 
must be'sought. Increased prosperity and a loosening 
of competition in industry undoubtedly played its 
part in encouraging day-release of young employees, 
particularly when some deferment of call-up might be 
granted to young men undergoing certain types of 
training. Furthermore, the extreme shortage of skilled 
labour engendered a fresh sense of the value of technical 
skill in all its forms and of the need to make provision 
for the proper training of young people. During 1941 
the words ‘‘ post-war reconstruction ’’ may have been 
little more than a contribution to national morale 
devised to distract people’s minds from the immediate 
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hardships and perils but, as the war progressed, they 
became identified with an increasingly strong part of 
public opinion which sought an outlet from the economic 
stagnation of the nineteen-thirties. Those of us who 
had a special interest in building were stimulated by 
the move towards a National Scheme of Apprenticeship 
for the Building Industry which took shape during 
1943 and, on a wider scale, the same movement brought 
about the Education Act of 1944. 


Altogether, the technical colleges were in a far 
stronger position in 1945 than they had been in 1939. 
Whereas, before the war, the colleges needed Junior 
Technical Schools on their premises in order to maintain 
a nucleus of full-time staff, the post-war removal of 
those schools to their own premises was, in many 
cases, necessary to make room for the expansion of the 
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full-time and day-release work which had already 
commenced and was evidently likely to progress 
rapidly during the immediate post-war period. It was 
the Education Act of 1944 that changed the Junior 
Technical Schools to Secondary Technical Schools and 
separated them from the other branches of technical 
education. There were many who deplored this change 
at the time and some, indeed, today feel that the educa- 
tion system lost something which has never been 
replaced. As time goes on, however, and the new 
secondary school system develops, the wisdom of the 
change becomes increasingly apparent and the true 
functions of the technical colleges are more closely 
appreciated. 


Post-War Developments 


The period immediately following the end of the 
war saw an immense increase in the work of technical 
colleges. A great part of this increase came from the 
enrolment of full-time students who were given grants 
under the Government’s Further Education and Train- 
ing Scheme. A young person who could show that 
his (or her) training for a recognised professional 
qualification had been interrupted by call-up was 
eligible for a grant sufficient to cover fees and main- 
tenance during a period of full-time study sufficient to 
allow him to pass the final qualifying examination. 
This far-sighted scheme had important results, some 
of a long-term nature and of wider significance than 
the immediate purpose of the Scheme itself. 


There was, of course, a great influx of new corporate 
members to the professional institutions (see Fig. 2) 
and this had the effect of raising, still further, the 
prestige and strength of these institutions. For the 
next generation of students following the ex-service 
men, full professional status was regarded as the normal 
expectation of the competent student with an adequate 
background of general education and the number 
prepared to pursue their studies and training to the 
achievement of this objective was far greater than had 
been the case in pre-war days. Full employment and 
the expansion of industry contributed greatly to this 
development by offeriiz both the opportunities for 
training (including day-release for part-time students 
on a steadily increasing scale (Fig. 1)) and a growing 
demand for the services of those holding professional 
qualifications. Apart from the expansion of industry 
and of the professional services associated with industry, 
the nature of the work itself had changed during the 
war and continued to change afterwards; technical 
developments demanded a larger proportion of well- 
qualified personnel and the increase in professionally 
qualified engineers, far from creating a surplus on the 
labour market, was still inadequate to meet the demand 
for this type of staff. 


Reference has already been made to the sense of 
value of technical skill which developed from circum- 
stances during the war. Post-war conditions intensified 
this development and industrial organisations, both 
large and small, became increasingly interested in 
training and in the technical studies appropriate to 
the training of various types of staff. Firms which 
hitherto had had only the vaguest impressions of the 
work of technical colleges found it necessary to inform 
themselves as to the nature of National Certificate and 
Diploma Courses and of their relation to other courses 
of study provided in educational establishments. It 
had long been the practice of the most progressive 
industrial organisations to appoint an Education and 
Training Officer to supervise the progress of apprentices 
and trainees. During the post-war period this practice 
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became much more general, among small firms as well 
as large, to the point at which any organisation interested 
in the recruitment and training of junior staff found it 
necessary to have someone specially responsible for 
these aspects of staffing. The demand for juvenile 
labour of all types was intensified by the conditions of 
full employment coming at a time when the total 
sizes of the age-groups of school leavers were at their 
lowest and competition for the more able boys and 
girls resulted in firms offering more attractive schemes 
of training in which day-release for technical studies 
occupied a prominent place. 


The increased interest of industry in recruitment 
and training of young people had the effect of focusing 
the interest of a much larger proportion of school 
children and their parents upon the possibilities of 
careers in industry and in the technical professions. 
The requirements of professional institutions in respect 
of general education encouraged continuance at a 
secondary school at least to the age of 16, when Ordinary 
Level examinations in the General Certificate of Educa- 
tion could be taken, and this contributed to the tendency 
of children to stay longer at school, a further restriction 
on the availability of school leavers. There was a 
corresponding increase in the number of pupils taking 
sixth-form courses at secondary schools and proceeding 
to university degree or college diploma courses. The 
engineering industry had well-established arrange- 
ments for the recruitment and training of university 
graduates and the increased output from the universi- 
ties was readily absorbed. 


Within the technical colleges the organisation of day 
courses, both full-time and part-time, created a great 
demand for additional full-time staff. Fortunately 
there was a considerable number of part-time teachers 
with valuable industrial experience who were prepared 
to make technical teaching their career and the colleges 
managed to achieve a rapid expansion of their teaching 
staffs though there was then, and has been ever since, 
great difficulty in recruitment of staff in certain 
fields of professional work, particularly where specially 
high academic qualities are desirable. 


The development of day-release courses established 
relations between the technical colleges and industry 
of a different type from those that had hitherto existed. 
There had always been much goodwill between the 
two and, during the 1919 to 1939 period, the colleges 
had worked hard to foster good relations with industry, 
to inform industry of the nature of technical college 
courses and to engender an interest in day-release 
classes for apprentices and other trainees. The harvest 
of this twenty years of work was reaped after 1945 
and its very richness created new problems for the 
colleges. It was necessary not only to organise courses 
and to find accommodation, teachers and equipment 
for large numbers of students; it was also necessary 
to devise means of supervising the attendance and 
progress of these students, some of whom lacked the 
ambition and persistence that had characterised their 
forerunners in evening courses. Day-release for atten- 
dance at technical colleges is, inevitably, less valued by 
individual students as a privilege when it becomes a 
normal part of schemes of training and the attitude of 
part-time day students in National Certificate and 
professional courses is much the same as that of 
secondary grammar and technical school pupils to 
their school work. The majority attend without 
question and work well if they are well taught; a 
minority do no more than they can avoid without 
trouble. Technical colleges recognised, very quickly, 
their responsibilities to employers for close supervision 
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of attendance and progress of students but usually 
found themselves short of administrative and clerical 
assistance in providing a full information service. The 
firms themselves appeared often to find difficulty in 
giving proper attention to such information as was 
supplied by the colleges and this was one of the reasons 
for the appointment of education and training officers 
who could maintain close contact with the colleges and 
exercise careful and individual supervision of the 
progress of trainees. In many cases, these officers 
had had experience of technical college teaching and, 
therefore, knew the colleges from the inside. They 
have played a valuable part in developing the new 
pattern of relations between industry and the colleges 
‘which has taken shape during the last ten years but 
which only recently has reached the point of tackling 
some of the more difficult problems of training for 
industry. Such problems include the defining of 
criteria for selecting students for courses, for governing 
advancement within courses and transfer between 
courses of different types. Industry has become 
increasingly conscious of the cost of training and of 
the wastage resulting from the failure of trainees to 
complete their training. The more careful supervision 
of recent years has made possible some measurement 
of this wastage, the indispensable first step towards 
its reduction. The reduction itself will demand 
another advance by industry in the training field, an 
advance with which the technical colleges will be 
closely associated. 

Developments in the organisation of technical 
education have also occupied an important place among 
post-war activities in this field. Up to 1939, the 
difficulty of securing support from industry for any 
activities outside a simple programme of evening 
courses resulted in colleges growing more on account 
of the personalities of their principals and heads of 
departments than of the real needs of the industries 
of their region. Towards the end of this period there 
was recognition of the need to organise the activities 
of colleges jointly serving the needs of well-defined 
regions so that the relatively few students taking 
advanced courses could be collected at colleges where 
accommodation and equipment, staffing and geograph- 
ical situation provided the best opportunities for the 
efficient operation of such courses. It will be appreci- 
ated that this type of direction must inevitably 
encounter opposition arising from sense of local 
prestige and the loss of advanced work laboriously 
built up by local effort. This very controversial 
matter was one of those considered by a select Com- 
mittee set up in 1944 under the Chairmanship of Lord 
Eustace Percy (now Lord Percy of Newcastle). In 
their Report, published in 1945, the Committee 
recommended the establishment of Regional Advisory 
Councils to cover the whole area of England and 
Wales, each Council being responsible for the distri- 
bution of courses within its own area. 

The recommendation of Lord Percy’s Committee was 
accepted and ten Regional Advisory Councils were set 
up in 1947. The nature of their work differs somewhat 
as between different regions and, on account of difficul- 
ties of the type to which reference has already been 
made, all the Councils have had to proceed cautiously. 
They are now accepted as an integral part of the system 
of technical education and can fairly be said to have 
established their worth. In Scotland five Councils were 
established in 1949 though, in the more populous areas, 
regional organisation was well advanced considerably 
before that time. 

Lord Percy’s Committee also considered questions 
affecting the prestige of technical education. Until 
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recent years, careers in industry and commerce have, 
in this country, commanded less respect than careers 
in the older professions and, accordingly, the highest 
achievements of the technical colleges did not receive 
the same public recognition and financial support as 
was accorded to the universities. The need for some 
action to adjust this situation was generally felt at 
the end of the war and the Percy Report contained two 
recommendations directed towards this end. It was 
suggested that a limited number of suitable colleges 
should be selected for development of advanced studies 
and research and that a new award should be estab- 
lished in connection with advanced studies in technical 
colleges, the courses leading to the award to be com- 
parable to those leading to a university first degree. 
These recommendations aroused great controversy and 
several years elapsed before sufficient general agreement 
could be reached to permit of steps being taken towards 
their implementation. In 1955 a new independent 
body, The National Council for Technological Awards, 
was set up under the chairmanship of Lord Hives and, 
in the following year, the Council published a Memoran- 
dum setting out the conditions for recognition of coutses 
leading to its first award, the Diploma in Technology. 
Rapid progress has been made during the past two 
years in the establishment of these courses to which 
further reference will be made in the next section of 
this paper. In 1956 the Minister of Education 
designated eight major technical colleges as Colleges 
of Advanced Technology and directed that these 
colleges should divest themselves of all work other 
than that connected with advanced studies and 
research. A ninth college has since been added to this 
list. In a Circular, also issued in 1956, the Minister 
gave details of the Government’s intentions in respect 
of the future structure of technical education. Besides 
the Colleges of Advanced Technology, already men- 
tioned, this was to consist of a limited number of 
Regional Colleges, in which advanced studies (including 
Dip. Tech. courses) would occupy a prominent place, 
a larger number of Area Colleges and a larger number 
still of Local Colleges in which the bulk of elementary 
work would be carried out. It was emphasised that it 
was not the intention to create a static pattern of 
colleges and that development of the work of colleges 
would still be encouraged to meet the needs of industry 
and commerce and that, consequent upon such develop- 
ment, certain Local Colleges might come to assume 
responsibilities to a larger area, Area Colleges to a larger 
region and so on. The setting-up of this framework 
of colleges has made possible a firmer policy for the 
concentration of existing courses and the development 
of new ones and has strengthened the hands of the 
Regional Advisory Councils. It is, as yet, too soon 
to observe the full effects of the new conditions but it 
is clear that the old personal, almost anarchic, develop- 
ment of technical college work has gone with the 
industrial indifference to education and training which 
created it. 


Post War Changes in Curricula and Syllabuses 


The development of National Certificate schemes 
was the principal achievement of technical education 
during the inter-war years and was made possible 
largely by the recognition which engineering Institutions 
were prepared to accord to the Certificates. The 
normal pattern was a three-year course leading to the 
Ordinary National Certificate followed by a further 
two-year course leading to the Higher National 
Certificate. Students who had continued full-time 
education to the age of 16 and reached certain standards 
in appropriate subjects might be exempted from 
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part or the whole of the first year of the Ordinary 
course. Arrangements could be made for additional 
subjects to be studied after the completion of the 
Higher National Certificate course and, subject to 
passing an examination, for these subjects to be 
endorsed on the Higher National Certificate. Holders 
of a Higher National Certificate in Mechanical Engineer- 
ing with appropriate endorsements were exempted 
from the whole of the examinations leading to Associate- 
Membership of the Institution. The Institution of 
Electrical Engineers gave complete exemption from 
their examinations to hclders of a Higher National 
Certificate in Electrical Engineering without endorse- 
ments but, after 1933, the examination marks in two 
electrical engineering subjects both at the Ordinary 
and at the Higher National Certificate stage were 
required to reach a “ Credit ”’ level of 50% instead of 
the normal pass level of 40%. The Institution of 
Structural Engineers gave more limited recognition to 
Higher National Certificates in Engineering or Building 
provided Structural Engineering subjects formed part 
of the course. No National Certificate scheme in 
Civil Engineering was established until 1943 and, 
when Rules for such schemes appeared in that year, 
they contained certain unusual features. In the first 
place, no separate Ordinary National Certificate courses 
were contemplated; entry to a Higher National 
Certificate course in Civil Engineering could be obtained 
through an Ordinary National Certificate in Engineer- 
ing or, alternatively, through an Ordinary National 
Certificate in Building provided the studies of math- 
ematics and science in the course were taken to an 
appropriate level. Secondly, the Higher National 
Certificate course itself extended over three years and 
exemptions in respect of the Institution of Civil 
Engineers Associate Membership Examination were 
given on a subject-for-subject basis. 

National Certificate courses in general included three 
subjects in each year of the course, reflecting the attend- 
ance requirement of three evenings per week normally 
expected for any part-time grouped course at the time 
when the first National Certificate schemes were 
established. In the three years of the Higher National 
Certificate course in Civil Engineering it was possible 
to cover all the subjects in Section B (later called 
Part II) of the Institution Examination and also, in 
conjunction with the work done in the Ordinary 
National Certificate course, to cover the requirements of 
two of the five subjects included in Section A (later 
called Part I) of the Examination, these subjects 
being Applied Mechanics and Theory of Structures. 
The three remaining subjects in Section A were: (a) 
English, for which exemption could be claimed for 
a pass in the School Certificate Examination (later, 
the Ordinary Level examination in the General 
Certificate of Education), (b) Heat, Light and Sound, 
and (c) Principles of Electricity. The position then 
was that a student could no longer expect to cover 
the Institution requirements in six years of evening 
study through a National Certificate course, at least 
one additional year being required to make up the 
Section A subjects. This additional year was usually 
taken after the completion of the Higher National 
Certificate course when the subjects in question could 
be endorsed on the Higher National Certificate. 
After 1945, the Institutions of Mechanical and Electrical 
Engineers also introduced additional endorsement 
requirements in respect of these basic subjects, so 
extending by a year the length of part-time courses 
necessary to secure full exemption from the irexamina- 
tions. In the latest revision of their schemes, these 
Institutions require this particular endorsement to be 
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obtained on the Ordinary National Certificate so that 
the study of basic subjects is completed before the 
Higher National Certificate course 1s commenced, 
educationally an eminently sound arrangement. 


The Institution of Structural Engineers introduced 
a new scheme of examinations in 1945 with a Graduate- 
ship and an Associate-Membership Examination of 
which it is not necessary to give full details here. 
Full exemption from the Graduateship Examination 
was accorded to holders of Higher National Certificates 
in Engineering or Building on the same terms as 
previously but no exemptions from subjects in the 
Associate-Membership Examination were obtainable 
through part-time courses except in respect of a first 
class Full Technological Certificate of the City and 
Guilds of London Institute in Structural Engineering. 
Nevertheless, adequate preparation for the Associate- 
Membership Examination could be provided by one 
year’s additional study beyond the Higher National 
Certificate stage provided the subjects of the Higher 
National Certificate course itself were suitably chosen. 
In 1949 arrangements were made for the President of 
this Institution to countersign Higher National 
Certificates in Civil Engineering when the course had 
had a strong structural bias, and this applied to the 
large majority of the Civil Engineering Certificates 
awarded. Thecountersigned Certificates were accepted 
by this Institution as exempting candidates from the 
subject Theory of Structures in the Associate-Mem- 
bership Examination. Similar recognition was later 
accorded to other Higher National Certificates in 
Engineering or Building with appropriate endorsements 
in respect of an additional year’s study of structural 
engineering subjects subject to approval of the 
syllabuses in each individual case. 


In the field of full-time courses, it was a long- 
established practice for the engineering Institutions 
to accept the degrees of British (and some overseas) 
universities in the respective branches of engineering 
as providing complete exemption from the examinations 
for admission to corporate membership. Such candi- 
dates had still, usually, to satisfy some special re- 
quirement of the Institution which might take the 
form of a professional interview, the presentation of 
a thesis or, in the case of this Institution, the passing 
of an examination in two subjects: (a) Structural 
Design and Drawing, and (b) Specifications, Quantities 
and Estimates. 


Table 1 shows the distribution of new Associate 
Members admitted to four engineering Institutions in 
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1957 as between university graduates, holders of 
Higher National Certificates or Diplomas and others. 
Although the number of annual admissions to corp- 
orate membership has risen considerably during the 
last ten years (Fig. 3), the proportions of entrants 
coming from the three categories of Table 1 have shown 
little variation. 
Table 1 
Distribution of Admissions to Corporate Membership. 1957. 


Percentage of Admissions 
in each Category 
Institution 


Engineering Holders of 
graduates |H.N.C. or H.N.D. 


Others 


Civil Engineers 75 


Electrical Engineers 49* 


Mechanical Engineers 20 


Structural Engineers ye} 


* Includes recognised Diplomas, probably 7%. 


In the technical colleges there had, prior to 1939, 
been some development of three-year full time courses 
leading to the award of the Ordinary National Diploma 
after two years and the Higher National Diploma a 
year later. Higher National Diplomas usually received 
recognition from professional institutions comparable 
to that given to Higher National Certificates. After 
1945, the three-year course for the Higher National 
Diploma was separated from the two-year course for 
the Ordinary National Diploma, the conditions of 
admission to the Higher National Diploma course 
requiring two subjects at Advanced Level in the 
General Certificate of Education or an Ordinary 
National Certificate or an Ordinary National Diploma. 
In spite of greatly increased numbers of full-time 
students (Fig. 4), however, this scheme made only 
limited progress, many of the major technical colleges 
preferring to develop courses leading to the award 
of a college diploma. These courses were usually 
planned in consultation with a professional institution 
which, subject to approval of the curriculum and 
syllabuses, was prepared to give appropriate recog- 
nition to the course in respect of its examinations. 
In such cases, it was the normal practice for the college 
or the Institution to appoint an external examiner or 
assessor to safeguard the standards of work in the 
course. The first college diploma recognised by the 
Institution of Structural Engineers was that of Brighton 
Technical College which, in 1946, was accepted on the 
same terms as a university degree. Other colleges 
followed soon afterwards with courses covering fully 
the requirements of the Graduateship Examination 
and, after some years of operation, some of these 
were extended a further year and recognised, also, 
as qualifying for exemption from the subject Theory of 
Structures in the Associate-Membership Examination. 


The advent of the award of Diplomas in Technology 
provided a great stimulus to the development of full- 
time courses at the highest level in selected colleges 
and courses in Mechanical Engineering, Electrical 
Engineering and Production Engineering comprised the 
large majority of the courses recognised by the National 
Council for Technological Awards during the first two 
years of the scheme. Civil Engineering courses were 
much less prominent among submissions from colleges 
and no specifically Structural Engineering course had 
been approved at the time this paper was written 
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(Sept. 1958). The National Council attached great 
importance to the close association of college studies 
with training in industry and the majority of recognised 
courses were of the ‘‘ sandwich” type in which periods 
of college study alternate with periods of industrial 
training over a course of about four years, the periods, 
both in college and in industry, usually extending over 
about six months each. A further reference will be 
made to this development in the next section of this 
paper. The conditions of admission to Dip. Tech. 
courses were, normally, either two subjects (Math- 
ematics and an appropriate science subject) at Advanced 
Level in G.C.E. or a good Ordinary National Certificate. 
The value of an Ordinary National Certificate for 
this purpose was usually judged mainly by the marks 
obtained in the assessed examinations in the final 
year of the course; colleges were encouraged to put 
forward their own proposals as to what should be 
accepted and, normally, the requirement was set at a 
minimum of about 60 per cent. 


A requirement of Dip. Tech. courses to which the 
National Council attached great importance was that 
the courses should include “liberal studies.” It was 
recognised that this was a new field of development 
and colleges were encouraged to experiment along 
their own lines in introducing subjects intended to 
broaden the student’s educational background for a 
career in technology. It is, as yet, too soon to discern 
any general pattern in the treatment of this section of 
the courses but the most usual approach appears to 
be through studies of social history and industrial 
development, the treatment being such as to demand 
a good deal of reading and writing on the part of the 
student. One further important feature of Dip. Tech. 
courses has been the inclusion, in the final period, of 
a large “project,” selected individually by each 
student, to which the allocation of time is usually 
expected to amount to at least six hours per week for 
two terms. Close association with research and 
development interests in industry could, it is believed, 
make this part of the course a stimulating experience 
for the student besides testing his initiative and his 
capacity for individual work. 


During recent years, the engineering Institutions 
have tended to increase the scope of their qualifying 
examinations and to raise the standard of National 
Certificates accepted for exemption purposes. In 1952, 
the Institution of Mechanical Engineers raised the 
number of subjects in Part II of their Associate 
Membership Examination from three to four and, 
in 1953, the Institution of Electrical Engineers pub- 
lished a revised examination structure in which, in 
place of two papers in the former Section B, there 
were four papers in Part II and a further advanced 
electrical engineering paper in Part III. These changes 
had the effect, for part-time students, of increasing 
the extent of the studies still to be undertaken after 
the end of the Higher National Certificate course. 
The increased Part I requirements, to which reference 
has already been made, had made it very difficult for 
the evening student to complete his course in six years; 
the additional Part IJ and Part III work increased the 
length of the course to at least seven years. For students 
who had the benefit of day-release throughout their 
course, the time could in some cases be shortened by 
adding one evening class to each year of the course. 
Reference has already been made to the requirements of 
the Institution of Electrical Engineers in respect of 
‘credit’ standards; the Institution of Mechanical 
Engineers have announced their intention of intro- 
ducing a similar requirement in 1960. 
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The new scheme of examinations approved by the 
Council of the Institution of Structural Engineers is 
considerably more extensive than the old; separate 
examinations in mathematics, in geology and in 
materials are introduced and the syllabuses in theory 
and design of structures are extended. Arrangements 
for the recognition of exempting qualifications have 
still to be worked out but it seems almost inevitable 
that part-time courses will have to be lengthened in 
order to cover the work. 


In this connection, it is interesting to compare 
requirements in the engineering field with those in 
architecture and in quantity surveying. The Royal 
Institute of British Architects has, for over thirty 
years, strongly encouraged full-time studies in schools 
of architecture for those seeking to qualify as archi- 
tects. There has been little attempt to smooth the 
way for the part-time student either by granting day 
release or by reducing the extent of the testimonies 
of study he must produce. Few evening students 
have completed the course in less than seven years 
even after starting with the necessary background of 
general education in terms of School Certificate or 
G.C.E. Ordinary Level subjects. The evening course 
in Quantity Surveying, for students preparing for the 
examinations of the Royal Institution of Chartered 
Surveyors, has usually been planned over six years 
though it has been difficult to cover the curriculum 
satisfactorily by attendance on three evenings per week. 
The large majority of successful students have taken 
seven years or longer to pass the Final Examination. 
Only a small proportion of the students entering 
part-time courses in architecture or quantity surveying 
ultimately pass the Final Examinations of R.I.B.A. 
or K.1,C,5. 


Professional Training 


We have been very slow, in this country, to adopt 
methods of training other than through the normal 
routine work of a junior assistant in a workshop or 
office. Although an employer was expected to accept 
certain teaching responsibilities in respect of appren- 
tices and articled pupils, these junior employees 
learned the practices of the trade or profession by 
assisting older employees in their day-to-day work. 
During the last 150 years, it has become increasingly 
difficult to depend upon employers taking their 
teaching obligations seriously and being prepared to 
allow training considerations to interfere with produc- 
tion. During the early part of this century the 
engineering graduate established his position both in 
industry and in professional practice by the rapidity 
with which he responded to training and by the 
quality of his subsequent work. He brought a fresh 
approach to problems of development and the exploita- 
tion of new ideas and has played a great part in boosting 
the acceleration of technological advance. It was the 
growing realisation of the importance of the engineering 
graduate’s services to industry that brought the first 
signs* of a new approach to training for industry. 
While holding firmly to the belief that an engineering 
graduate had much to learn on entering industry, 
far-seeing industrialists were prepared to experiment 
with training systems designed both to take advantage 
of the graduate’s ability to learn quickly and also to 
give him a broad experience of the industrial activi- 
ties of the training organisation. The results of this 
policy were such as to encourage its steady expansion 
and development during the inter-war years. The 
universities for their part became increasingly satisfied 
that the gaining of industrial experience was an 
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aspect of training that could safely be left to industry 
and that their function was to provide a course of 
study, an intellectual discipline, which developed a 
young man’s mind in such a way as to enable him to 
profit most from his industrial training and to achieve, 
subsequently, a rapid advancement. The engineering 
Institutions, as has been said, waived their examination 
requirements in respect of graduates while continuing 
to insist upon a certain period of practical experience 
for candidates for admission to corporate membership. 
The period for graduates was, however, fixed at the 
modest level of about three years and this, in course 
of time, was, in many cases, reduced to two years. 
At Glasgow and Sunderland there were early experi- 
ments with sandwich courses designed to promote a 
closer association of university studies with industrial 
training. 

Professional consultants found difficulties in intro- 
ducing these new training systems into their smaller 
organisations. The financial resources of a consulting 
firm are of a different order from those of an industrial 
organisation and the training costs were not so readily 
faced. It became increasingly common, therefore, for 
engineering graduates to be trained in industry 
and to gain extensive knowledge of industrial practice 
before taking up consulting work if their interests 
led them in that direction. The immense growth, 
during recent years, of the larger consulting practices 
has, to some extent, modified this trend. 


Developments in the training of architects during the 
last 50 years have provided valuable evidence of 
difficulties associated with a different approach to 
professional training. Even before 1914, many archi- 
tects felt that only a small minority of practices 
provided suitable opportunities for the training of 
architects and that a more satisfactory arrangement 
would be for the pupil to spend the whole five-year 
training period in a school of architecture where, 
besides pursuing an organised course of study of the 
basic principles of architecture, he could gain experience 
of a range of work far wider in scope than any but the 
largest offices could offer. The satisfactory completion 
of a course (including the passing of appropriate 
examinations) in a school of architecture recognised by 
the Royal Institute of British Architects was accepted 
as a qualification for admission to corporate membership 
of that body. In practice, over the last 30 years, the 
results of this system are an interesting mixture of 
success and failure. It has produced'a large number 
of lively and imaginative architects and as liberal an 
education as is to be found in any of our educational 
institutions. On the other hand, the divorce from 
practice (even though many of the teachers were 
practising architects) robbed ambitious schemes of their 
reality and left the young architects in many ways 
ill-equipped to cope with the day-to-day work of 
professional practice. In 1951, the Royal Institute 
introduced a requirement of one year’s experience in 
an architect’s office for all candidates for admission 
to corporate membership and, in 1962, this requirement 
is to be increased to two years. 


Some schools of architecture have experimented with 
“live’’ projects in which pupils of the school have 
collaborated with practising architects in the design 
and in the supervision of construction of buildings. 
A strong feeling has developed among architects 
that more radical changes are necessary if a satisfactory 
training system is to be evolved. The problem is 
complicated by the separation of the architectural 
profession from the industry responsible for the actual 
production of buildings, a separation which has 
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contributed much to the shortcomings of both pro- 
fession and industry. The building industry seems 
now to be in process of fashioning a professional 
training system of its own and to be using engineering 
industry practice as a model. Whatever the tuture of 
architectural training, its immediate past suggests that 
there are some things that can be done in educational 
institutions and some things that must be done in 
practice and that the essence of training lies not only 
in the excellence of the parts but also in their efficient 
combination. 


The importance of integrating college studies and 
industrial training was strongly emphasised by the 


_ National Council for Technological Awards in its 


Memorandum on the Recognition of Courses leading 
to the Diploma in Technology (1956). The conditions 
for the award of the Diploma require that the student 
shall spend at least one year in industry prior to 
receiving the award. 


In considering courses submitted by colleges, the 
Council has paid very careful attention to those parts 
of the proposals relating to arrangements between 
college and industry for ensuring that proper use is 
made of the period spent in industry. In the first 
place, it is insisted that the same care must be given 
to the design of the industrial training programme as 
is given to the design of the course of study. Secondly, 
the college is expected to accept the responsibility of 
maintaining contact with the students during their 
periods in industry and of keeping a finger on the 
pulse of each student’s progress. The fruits of this 
policy have yet to be seen but its effect upon the 
relations between the colleges and industry have been 
wholly to the good of both and it is certain that the 
lessons of experience of these training developments 
will be quickly learned. It is the close association 
with industrial training which will, from the outset, 
give to the Diploma in Technology a value of its own 
and its holders should be well-equipped to establish, 
for the award, its claim to be of a standing equal to 
that of an honours degree. 


In view of what has been said in the previous 
paragraph in regard to integrating college study and 
industrial training, it is not surprising that many of 
the colleges submitting Dip. Tech. schemes have adopted 
a sandwich course arrangement consisting of alternate 
periods of six months each in college and in industry 
over a period of four years. This type of arrangement 
has been steadily gaining in popularity during recent 
years in spite of objections voiced from the educa- 
tional and from the industrial or professional sides. 
On the one hand it is suggested that the interruptions 
to study occasioned by the periods in industry must 
lower the academic level of the course besides aggrava- 
ting the difficulties of providing satisfactory service 
conditions for teaching staff. On the other hand, 
industrialists and professional men complain of the 
disruption of their organisations occasioned by trainees 
who are with them only for six months of the year. 
It is difficult, at present, to assess the true weight 
and validity of these objections. Sandwich courses 
are enjoying an immense vogue which may be 
followed by something of a reaction but, in the long 
run, their future depends upon the success of those 
passing through them. It may be that a long period 
of continuous study elicits the best response from 
certain types of students, but it is doubtful if such 
types include the most valuable future technologists. 
From the staffing point of view, the arrangement has 
advantages which may well balance the disadvantages. 
On the practical training side, there has been a good 
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deal of objection expressed by civil engineers on account 
of the peripatetic nature of their work. This does, 
undoubtedly, add to the difficulties of organising 
training programmes though it is interesting to note 
that builders interested in training at this level are 
inclined to favour sandwich courses because they can 
be phased to match seasonal. fluctuations in building 
activities. It may be that much of the opposition 


expressed by civil engineers is due to the understand- 


able difficulties of consultants in organising practical 
training along lines adopted by large industrial 
organisations. Sandwich courses enable students to 
gain their first experience of industry considerably 
earlier than do full-time courses and this undoubtedly 
eases the transition from college to industry. This 
advantage alone justifies the large experiment with 
sandwich courses which is now taking place. 


The Future 


While it is possible to foresee the likely developments 
in engineering courses during the next ten years, the 
effects of the raising of standards during the last ten 
years have not yet been felt to any considerable 
extent. Not only have the ranges of subjects and 
contents of syllabuses been extended ; the nature and 
scope of the questions set in examinations now call 
for a depth of study more appropriate to full-time than 
to part-time courses. The effect of this policy must 
be to widen the gap between the Higher National 
Certificate and professional qualification. Until recently 
this gap has been narrow and comparatively few keen 
students have been unable to cross it but it seems 
probable that, in the near future, there will be a 
rapid increase in the number of holders of a Higher 
National Certificate or comparable qualification who 
are not able to proceed to full professional status. 
The existence of sub-professional groups of this type 
is not new; they are to be seen in other professional 
fields, but the circumstances in engineering are likely 
to create special problems for the engineering Institu- 
tions. As things are in this country, these men are 
likely to feel the need of organisations to provide for 
their technical interests and the established engineering 
Institutions may have to decide whether or not to 
try and meet this need by the creation of new grades 
of membership. 

There is no sign yet of a slackening of the growth 
of the four engineering Institutions of which particulars 
are givenin Fig. 3. The annual admissions to corporate 
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membership are, in each case, still increasing in spite 
of the great expansion which has taken place during 
recent years. ‘The influences to which reference has 
been made in the previous paragraph will tend to 
restrict this growth though the demand for technologists 
and the publicising of engineering as a career may well 
do more than compensate for the restriction. 


From the point of view of colleges providing courses 
of study, the problem is not simply one of providing 
a course from which students drop out at different points. 
Students of differing abilities and potentialities (in 
terms of qualification) should be grouped in different 
courses ; this already obtains in the field of full-time 
courses where there are three or four different types 
of engineering course available. In the field of part- 
time courses, the organisation is less advanced although 
the range of ability of student is much wider. With 
the greatly increased numbers of students and the 
closer control made possible by day-release and by 
supervision by training officers, the next few years 
should see the introduction of new types of course, 
less ambitious than the Higher National Certificate 
course but leading to a qualification more suitable 
than the Ordinary National Certificate as a final 
objective. The existence of alternative courses of 
this type might help considerably to reduce the 
wastage in National Certificate courses, particularly 
if industry and the professional institutions were 
prepared to take as great an interest in the develop- 
ment as they have in that of National Certificate 
courses. 


I have made no attempt, in this paper, to deal with 
details of curricula and syllabuses of engineering 
courses but one aspect of them is worth a glance at 
this stage. The core of the academic discipline of an 
engineering course is mathematical and the real 
difficulties of a large majority of students in such 
courses are mathematical. There is some evidence 
to show that part-time students experience at least 
equal difficulties with basic science but it is doubtful 
whether this applies with any force, on present syllabuses, 
to those likely to reach a full professional qualification. 
It is open to doubt whether the chances of a man’s 
qualifying as an engineer should, to so great an extent, 
depend upon his capabilities as a mathematician and 
current developments in engineering practice are 
tending to increase this doubt. Educational and 
professional institutions alike seem unwilling to experi- 
ment with the fundamentals of engineering courses 
though the nature of abilities required in engineering 
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practice grows constantly more diverse. This is a 
problem which engineering Institutions must study 
very carefully if they are to continue to attract to 
membership a large proportion of those occupying the 
most important positions in the engineering world. 


The urgent need to expand our national resources 
of technically trained men at all levels has been re- 
peatedly emphasised during recent years. Targets 
have been set for rates of increase in the numbers of 
trainees at various levels and money is being made 
available for a corresponding increase in the facilities 
for technical study. The governing factor in this 
advance is the provision, by industry, of the necessary 
training places. Certain large organisations in the 
engineering industry have already made substantial 
contributions and the record in this respect of the 
manufacturing side of the industry compares well 
with that of other industries. On the civil and 
structural engineering side, much remains to be 
achieved and the most critical question of the immediate 
future is as to whether training facilities will be in- 
creased on the necessary scale. The construction 
industry faces international competition on a greater 
scale than ever before; its performance, measured 
by the cost of building, under the protected conditions 
of this country is more than ever important to the 
national economy. 


The future of the industry and of its associated 
professions depends upon the training policies adopted 
now and it is vital that there should be a substantial 
increase in the resources devoted to training. The 
advances described in this paper apply to the best 
of current practice; the attitude of some employers 
towards training has changed little since 1939, and the 
average lags considerably behind the best. The time 
is critical ; larger age-groups of adolescents are already 
leaving the secondary schools and the years from 
about 1960 until 1965 will offer the best opportunities 
for recruitment to professional training that have 
occurred for a very long time. The engineering 
Institutions are all striving to help recruitment but 
it is the individual members of the Institutions who 
will determine the success of the campaign. 
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Architectural Science, No. 2, edited by Professor 
Henry J. Cowan, A.M.I.Struct.E., etc. (Sydney : 
Academic Press Pty. Ltd., 1957.) 106 + xi pp., 
1lin. x 82#in. Illustrated. ° 21s. 


This volume represents a symposium of twelve 
lectures and an added written contribution arranged by 
the Sydney University Extension Board and is intended 
to supplement the post-graduate work of those occupied 
with architectural structures. While the publication 
is intended primarily for architects, there is much to 
interest also the structural engineer on aesthetic grounds 


as well as in mechanics and construction. 


The section on Mechanics starts with traditional 
forms and proceeds to rigid frames and space frames. 
Aesthetics is the subject of the second section. and 
presents the views of the architect, the teacher and the 
painter. 

Construction is the title of the last section and here 
the topics range from the economics of high buildings 
to practice in relation to structural and architectural 
design, while the drafting of a modern structural code 
is the subject of the other article in this section. 
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Modern Methods of Fabricating Structural 
Steelwork* 


By M. F. Palmer, M.I.Struct.E., M.I.C.E., 
and R. J. Fowler, B.Sc.(Eng.), M.I.Struct.E., A.M.I.C.E., A.M.I.Mech.E. 


Synopsis 


Fabricating processes in use to-day are mentioned 
and matters relating to many of these are discussed. 


Some aspects of the more modern processes of flame 
cutting and electric-arc welding are given in fuller 
detail, particularly the contractions and distortions 
caused by these processes in structures. 


The radiographic inspection of welds is stated to be 
of doubtful value, more importance being placed on 
the care taken when the actual welds are made. 


Brief mention is made of the high strength bolt 
from the practical aspect. 


The paper concludes by discussing the outlook 
based on more steel being available, and in a greater 
variety of forms. 


Introduction 


HE three main methods of joining steel to form 

structures are riveting, bolting and welding. It is 
possible to use each of these in almost any type of 
structure, although various advantages can be obtained. 
by employing any one of them in certain circumstances. 
Table 1 summarises the possible methods of joining 
steel for the types of construction embodied in this 
paper. For shop construction of members and units, 
either riveting or welding is normally employed, and. 
for connecting these together on site, riveting, welding 
and bolting are used. 


The post-war development of High Strength Bolting 
is such that it is replacing site riveting and close- 
tolerance and barrel bolting and can also replace site 
welding. Less highly skilled workmen can fasten high 
strength bolts than are required for riveting or welding, 
but it is necessary that special requirements are met 
in regard to the tools employed by them. 


The continued use of bolts does mean that skilled 
template makers and markers-off will still be required 
as heretofore for riveted construction, whereas for the 
wholly welded construction, these tradesmen are not 
so essential. 


The steady growth in the use of electric-arc welding 
in shop fabrication during the last thirty years has 
meant a reduction in the number of riveters required, 
and consequently, firms as a whole have not needed 
fully to make good the normal losses in this trade. 
Since the last war, the tendency has been to construct 
heavy plate girders by means of welding, using 
flanges up to 3 or 4 ins. thick, but more recently, 
possibly owing to some doubts on the behaviour of 
these thick flanges in tension so far as brittle fracture 1s 


* Paper to be vead before the Institution of Structural Engineers, 
at 11, Upper Belgrave Street, London, S.W.1, on Thursday, 27th 
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concerned, a few engineers are apparently reverting 
toriveted construction, using multiple plate thicknesses. 
Any appreciable swing back to riveting could cause 
serious difficulties, in view of the limited number of 
riveters at present available. There are signs, however, 
that the now greater availability of N.D.1., the notch 
tough steel to B.S.2762 most commonly used _ in 
structures, will ease this problem. 


Fabricating Processes 


The modern steel fabricating works which specialises 
in making bridges and heavy industrial buildings is 
not in the position of having to handle much work of 
a repetitive nature, whereas factories manufacturing 
motor vehicles, machine tools, railway locomotives and 
the like build appreciable numbers of identical units. 
The approach to the manufacturing problem of one 
is vastly different from that of the other. 


When repetition occurs in structural steelwork, as 
it must to some extent, advantage is taken of methods 
which will enable similar parts to be produced as 
economically as possible. Examples of this are batch 
drilling using steel jigs, batch planing, and batch 
profiling using oxygen-gas. With the use of stops and 
registers on shears, planers, croppers, saws, etc., 
production of similar parts can be achieved without 
the necessity for individual marking out. The latest 
development in this direction is the special equipment 
which is used largely for the complete preparation of 
material for such parts as riveted beams and columns 
for multi-storey buildings. This is, however, more an 
application of automation to steelwork fabrication, 
rather than merely taking advantage of repetition. 


Table 2 summarises the various operations which 
may be involved in the fabrication of a steelwork 
contract from the time that the design drawings are 
prepared tc the time that the work is despatched to 
site. It will be appreciated from the table that many 
of the processes employed in modern steel fabrication are 
similar to those that have been in use from the birth 
of the industry. Notable advances have been made, 
however, in the speed of operation, capacity and 
accuracy of many of the machine tools. Gas cutting 
and arc welding are comparatively new operations, 
both of which have developed from the simple hand 
tools of thirty to forty years ago to fast precision tools, 
Machine gas cutting and electric arc welding are 
indispensable to steel fabrication to-day. The use of 
power hand tools is increasing for grinding and chipping 
operations, and their advantage is in their portability 
and, high speed of cutting. 


Preparation of Templates 
The making of templates is a skilled operation, 
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Table 1 
SYSTEMS OF CONSTRUCTION 


Construction Type of Shop Fabrication Type of Site Connection* 


TRUSSED RIVETED A.B.C.D. (All usually with Gusset Plates) 


GIRDER WELDED A.B.C.D.F. (All usually with Gusset Plates) 
E. (e.g. Vierendeel Girders) 


PLATE RIVETED A.B.C.D. (All usually with Cover Plates) 


GIRDER WELDED B.C.D.F. (With Cover Plates) 
E. (No Cover or Splice Plates) 


COMPOUND 
COLUMN RIVETED A.B.C.D. (All with Cover Plates) 
AND 
BUILT UP WELDED B.C.D.F. (All with Cover Plates) 
COMPRESSION D.F. (With End Plates) 
MEMBER E. ( No Cover or End Plates) 


* A = Riveted, B = Close Tolerance Bolts, C = Barrel Bolts, D = High Strength Bolts. 
E = Butt Welds, F = Fillet Welds. 


Table 2 
FABRICATOR’S PROCEDURE 


Preparation of Material Ordering Lists. 

Preparation of Workshop Drawings. 

Preparation of Fabricating Lists, Despatch Lists, and Calculated Weights. 
Preparation of Templates. 

Material Preparation—Operations. 


ARON E 
ue 


(a) SIZING (b) FORMING (c) JOINING 


Bars & Sections Plates Bars & Sections Plates Bolting & Riveting S Welding 


Straightening Flattening Cropping or Sawing | Bending Punching. Machine Planing Bevels & 
(Roller or Press) (Roller or Press) for mitre bends & | Folding. J preparations. 
notches. 
Cropping & Saw--| Longt’l Rotary Shearing | Gas Cutting for mitre} Pressing. Drilling single or | Oxygen Gas Planing Bevels. 
ing to length. bends & notches. multiple plates 
Machine Planing. from timber or Hand Chipping by portable 
steel templates. tool (pneumatic). 


Gas Cutting & Longt’l Oxygen Gas Shit- 
Grinding to length ting. 


Guillotine Shearing. Rolling curves | Drilling single or | Hand Grinding by portable 
& cones. multiple plates | tool. (Pneumatic and high 
from hard bushed | frequency electric). 
steel jigs. 


Oxygen Gas Planing & | Slab & Presswork for| EdgeSetting in 
Profiling. joggling, bevelling, | rolls or press. 
bending, flattening, 

Grinding as required. spiralling, rounding. | Scarfing for Countersinking. 
riveted joints 
Rolling curves & : 
rings. Tapping. 
Hydraulic bending Removal of drill- 

and setting. ings and burred 
edges. 


(6) Joining on Assembly of Parts. 


Riveting Black Bolting Close Tolerance & High Strength Welding 
Barrel Bolts Bolts 
Tack Bolting & Tack Bolting & Drifting. | Tack Bolting & Tack Bolting) Manual Tack Welding. 
Drifting. Drifting. & Drifting. 
Reamering to fair Reamering holes to 
holes as required. | Black Bolting. size throughadjacent| Torque Bolt- Finish Manual or Automatic Welding. 
parts. ting. : 
Riveting— 
Hydraulic Bolting. Removal of Weld Slag. 
Pneumatic Removal of Spatter. 
pressure Grinding or Chipping ends of butt welds etc. 
(‘“ squeeze ’’) ; 
Pneumatic Stud Welding. 
hammer 


(7) Ending and Machining. 
(8) Works Trial Erection including reamering as required. 
(9) Marking and Painting etc. 
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and their accuracy very largely governs the final accu- 

racy of the structure. Templates are usually made 
- of softwood, the steel being marked from them shortly 
after they are made before the timber has had time to 
shrink. Experience has taught template makers the 
necessity to check templates if they are re-issued to 
the works after a lapse of time. If a template is to 
be used many times over a long period, the fabricator 
may decide to make his templates in steel instead of 
timber, to be sure of maintaining accuracy, but it 
should be pointed out that initially the accuracy of 
both timber and steel templates is the same, since 
the same methods of marking out and drilling are 
involved. Steel templates are, however, expensive, and 
their use is not common. 


In a number of cases, where only one or two of an 
item are required, and where otherwise suitable, the 
plater will mark his steel direct from drawings without 
the aid of templates. 


Straightening and Flattening 


The straightening of steel sections, which may take 
place more than once from the time that a member 
leaves the hot rolling mill to the time it is built into 
a structure, is usually carried out with the bar in the 
cold state. The process overbends the bar in the 
reverse direction to that in which it is deformed to 
allow for a certain amount of “ springing back.’’ The 
operation therefore involves stretching the material in 
the bar beyond its elastic limit. 


The same principle is used in the flattening of plates, 
the process in this case being to pass the plates through 
a mangle in which a series of rollers are set so as to 
interfere slightly with each other, thus curving (i.e. 
stretching) the plate first in one direction and then in 
the reverse direction before it emerges. 


Mangles can also be used to straighten long plates. 
In this case the final rolls are arranged so as to be 
capable of nipping the plates. In the rolling process, 
very thin shims are inserted along one edge of the 
plate, which thins the plate at that point, and therefore 
stretches it. 


Plates which are too small to be rolled are hand 
flattened, local buckles being taken out by peening. 


Plates over about 2ins. thick are not flattened by 
cold rolling or mangling at the rolling mills. Such 
plates, in widths up to possibly 4 ft., and of thicknesses 
of 2-4ins. are sometimes employed in large welded 
plate girders for bridgework, and gantry girders for 
heavy steel mill buildings. The plates may have 
corrugations or waves up to } in. deep over a length of 
only a few feet. In these cases, it is necessary to 
heat the plates and flatten in a press whilst hot to 
take out the worst of the waves and to bring the plates 
to within +, in. of true flatness. For gantry girders 
which are fitted with rails on the top flanges to carry 
very heavy crane wheel loads, it is sometimes necessary 
to machine plane or skim the full length of the top 
flange plate over a zone about 3 to 4ins. wide to 
ensure a perfect bearing of the flange plate on the 
web plate or web tongue plate in order to relieve the 
fillet welds connecting them from high compression 
fatigue stresses. Sections and plates can also be 
straightened by the local application of heat from an 
oxygen-gas welding torch applied in the correct place. 
This work should be performed by an experienced 
operator. 


Bending and Forming 
The internal radius of bends in plates to B.S.15 


367 


should be not less than twice the plate thickness for 
cold bending to avoid the risk of cracking. 


Bent knees at the ends of stiffeners are not common 
to-day, but where they are used, the practice of forming 
them from the solid bar by smithing has virtually 
disappeared. This method is replaced by vee-cutting 
the outstanding leg of the angle or tee, cold or hot 
bending it to shape depending on its thickness, and arc 
welding the joint. The’result is a more accurate 
stiffener with less distortion at the heel. 


It should be borne in mind that when bars are 
curved to a radius, there is surplus of metal on the 
compression side and a considerable thinning of metal 
on the tension side. The compression edge will buckle 
and these buckles may not be completely removed by 
hot smithing. The tendency to-day, where the radius 
of curvature of a member is small in relation to the 
size of the bar, is to fabricate these members from 
profiled parts welded together. 


Shearing 


Shearing is a rapid and economical method of cutting 
plates. For straight cuts, guillotine machines are in 
use which will cut lin. plate 8 ft. long accurately in 
one stroke. Long plates may be slit lengthwise by 
making a series of cuts, or by the use of rotary or wheel 
shears mounted on a carriage which moves along the 
length of the plate. The latter will also cut bevel 
edges suitable for welding. 


The quality of shearing varies with the efficiency of 
the machine. It has the effect of distorting the edge 
of the plate to a greater or lesser extent, depending on 
the state of the machine and the thickness of the cut 
member. A typical sheared edge is given in Fig. 1, 
which also shows a cross section through the sheared 
edge of the plate. 


Fig. 1.—View on Typical Sheared Plate Edge and Cross 
Section 


Flame Cutting and Gouging 


In the structural fabricating industry, the application 
of the oxygen-gas torch has developed as a cutting and 
forming tool, and not as a welding tool. The most 
recent application is the long “ straight-line ’’ slitting 
machine, which operates with two or more burners, 
The small portable single burner straight-line cutting 
machine in which the track guiding the machine is 
laid on the actual plate to be cut, has been in common 
use for many years. 

Since the war, the straight-line slitting machine has 
been employed by many firms in the industry for cutting 
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plates into narrower widths, which are frequently used 
for the flanges of welded plate girders. With this 
machine, long and truly parallel cuts are made. Fig. 2 
shows a 23 in. thick plate for use as a flange of a heavy 
gantry girder being cut to 3 ft. wide with two burners 
operating, and Fig. 3 shows a face view of the resulting 
edge. Such a plate could be cut at a speed of 40 ft. 
per hour. 


Fig. 2.—Oxy-Acetylene Straight Line Slitting Machine 
Cutting 2? in. Plate 


Fig. 3.—View on Oxy-Acetylene Cut Edge 


The new B.S.153 requires that plates in tension cut 
by this method shall be limited to 1 in. thickness, 
with no limit for plates in compression. It has been 
suggested that the reason for limiting the plate thick- 
ness for tension plates is that incipient cracking may 
arise in the cut edge. Such cracking is, however, 
related more to the nature of the plate material and 
its carbon content than to any other feature. Carbon 
content in this context is taken as including allowances 
for other elements present in the steel which enhance 
the effect of carbon. The authors know of no case 
where the oxygen-gas cutting process applied to steel 
to B.S.15, even on thicknesses of 3in. or more, has 
caused incipient cracking, and further investigation is 
desirable on this matter. For oxygen-gas machine 
cutting, the safe limit of carbon content is taken to be 
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0.3% under all conditions of ambient temperature and 
humidity found in practice. The carbon content of 
structural steels normally used for bridge construction 
is much less than 0.3%, although it is to be regretted 
that B.S.15 does not specifically limit the carbon 


content. 
Y 


With regard to the slight undulations visible in the 
gas cut edge, it is considered by the authors that the 
hazards due to this cause, with properly controlled 
machine cutting, are no greater than those arising on 
the surface of the steel itself as a result of the rolling 
process. Recent investigation has shown that the 
depth of drag lines on machine gas cut edges is less 
than 0.002 in., and that the transitions are quite smooth 
in section. In other words, the quality of the gas 
cut edge may be superior to that of the rolled edge, 
which latter has been acceptable for many years. 


Other normal uses of machine flame cutting are 
plate profiling to any shape, and the preparation of 
bevels for butt welds, when a double bevel cut and root 
face cut can be made simultaneously with a three 
burner head. It should be noted that for long slitting 
cuts, or for bevel cutting, a floating head is used 
which maintains the cutting nozzles a constant distance 
from the plate surface to ensure a consistent cut 
should the plate be not quite flat. 


Flame cutting the long side of a plate can cause 
almost as much distortion and contraction of the 
plate as would the equivalent amount of welding. 
Where both sides of a plate are cut simultaneously, 
distortion can be said to be negligible, but longitudinal 
contraction would still exist, this depending on the 
width of the plate after cutting. 


The flame gouging tool is sometimes employed for 
forming the hollow or ‘U’ preparation for butt welds, 
and for removing root penetration runs before making 
the first weld run on the reverse side of a butt weld. 
It has been used for ‘U’ preparations for girder flange 
butt welds, and its use obviates the awkward handling 
and setting of long plates necessary when these prepara- 
tions are carried out by machine. Weld preparations 
made by this means are cleaned up by grinding. 


Bolting 


The modern development under this heading is the 
previously mentioned high strength bolt, which is 
tightened to a pre-determined torque to cause tension 
in the bolt, and hence friction between the faying 
surfaces of the members forming the joint. Acting in 
this way, it replaces the hot driven rivet. Since the 
holes for this type of bolt are clearance holes, the 
minimum difference in diameters between bclts and 
holes being 4 in. for bolts up to 1 in. diameter and 
#; in. for bolts above this size, the preparation for 
them is no more costly than for rivets. 


Applying the torque to these bolts by means of 


hand spanners, calibrated in some manner to indicate 
the torque applied, is a slow and laborious process 
when a number of bolts have to be tightened. The 
authors favour the use of pneumatic impact wrenches, 
which have been found to be sufficiently accurate for 
practical purposes. One method which shows promise, 
and is a development of other “turn of the nut” 
procedures, is to use a small impact wrench stalling 
at say 350 lbs. ft. of torque, and then turning the nut 
a further pre-determined fraction of a turn using a 
larger impact wrench. 
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Fig. 4.—Assembly Jig for Fabricated H Members 


Chipping and Grinding 
Portable hand tools for chipping and grinding are 
widely used to-day in the preparation of material, 
and also to give the finishing touches to a job. A 
high rate of removal is obtained with the pneumatic 
chipping tool. This is frequently used for cutting weld 
preparations at the ends of rolled sections, for gouging 
out the back of the root runs of butt welds, and for the 
initial or rough removal of weld reinforcements where 
required. Where the heels of angle sections have to 
be shaped to nest into angle joint covers, the initial or 

rough cuts can be made with this tool. 


The portable hand grinding tool has many similar 
applications, and is primarily a finishing tool, as the 
tate of removal is considerably less than with chipping, 
its purpose being to give a smooth, even finish. 


Early grinding machines were pneumatically operated 
and used grit wheels, but to-day pneumatically 
operated machines using manufactured wheels are 
very largely used in constructional works. Elec- 
trically driven single phase 50 cycle machines are also 
used, the latest development in this field being 3 
phase high frequency machines operating at up to 
300 cycles. These last have a very high power to 
weight ratio, but owing to the special installation 
required, are in use only where items requiring a 
considerable amount of grinding are manufactured. 
The grinding wheels themselves have advanced in 
quality, and light resin bonded wheels down to 4 in. 
thick operate safely at the highest speeds. 


Workmen who are thoroughly experienced in the 


operation of portable chipping and grinding tools are 
able to achieve surprising neatness and accuracy in a 
great variety of applications, and thus help in attaining 
economic production. As a broad principle, however, 
grinding is an expensive operation, and should only 
be used where strictly necessary. : 


Welding 
(a) Preparation of Material 


It is now generally realised that by whatever method 
material is prepared for welded construction, the 
preparation must be accurately executed. Oversize and 
irregular gaps consume an excessive amount of weld 
metal, and consequently increase distortions and 
residual stresses, apart from adding to the cost. It 
is now usual to employ machined preparations, which 
include machine flame cutting wherever possible, to 
the exclusion of hand cutting, in order to ensure 
accuracy. 

(b) Welding Jigs 

A welding jig in principle is composed of a base or 
framework to which are attached locating and fixing or 
clamping devices, and is employed to ensure rapid and 
accurate assembly of a unit. The clamping device 
may be a lever, wedge, bolt or screw, or a clamp 
actuated by pneumatic or hydraulic pressute. These 
hold the component parts of the member being assem- 
bled accurately and securely in their correct relative 
positions for tack welding, and possibly also for 
complete welding. A typical jig of this type is shown 
in Fig. 4. 
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Alternatively, for large units, a system of heavy 
joists accurately levelled and bedded, or heavy cast 
iron plates, may be used to form a floor. To this 
floor may be attached suitable angle brackets, struts 
or other supports which, together with clamps, jacks, 
bolts, dogs, wedges, turnbuckles, etc., serve the purpose 
of the locating devices in the special purpose jig, 
such as is shown in Fig. 4. With this system of 
assembly, it is necessary for chalk string centre lines 
and plate positions to be struck on the meeting parts. 
Fig. 5 shows a large plate girder being assembled in 
this manner. A drawback to this latter method is 
that it is often necessary partly to assemble a member, 
and then to turn the member over to complete its 
assembly. This requires that a comparatively flexible 
unit must be crane handled, and great care may be 
necessary to ensure that tack welds are not broken 
or local damage caused to unstiffened component parts 
which may be difficult to rectify. 


Fig. 5.—Large Plate Girder during Assembly in Shops. 
Length 110 ft. Weight 60 tons 


(c) Tack Welding 


During assembly a large amount of tack welding will 
be required, and it is important that tack welds are 
located carefully, and are of sufficient length and 
frequency to perform their duty. 


Wherever possible, tack welds should be not less in 
size than the first run of finished weld, nor less than 
four times the thinner plate thickness in length, and 
the first weld run should be joined up with the tacks, 
and not deposited over them. Before commencing 
overlaying runs, the tack welds should always be 
inspected to ensure that any cracked or otherwise 
defective tacks are chipped out and properly made 
good. 


(d) Manipulators and Positioners 


Following the tack welding of an assembly, the 
individual welds are completed. This welding may be 
sufficient to complete the fabrication, or it may be a 
smaller amount which must be dene before further 
assembly proceeds. Where possible, it is usually 
advantageous to undertake this welding in a manipu- 
lator or positioner. In such cases, general purpose 
equipment may be used which can be readily adjusted 
to receive units of varying dimensions. The main 
advantages of employing manipulators are that the 
work can be rapidly and economically turned over or 
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positioned for welding so that faster welding techniques 
can be adopted, such as gravity welding instead of 
horizontal vertical and other “ positional’’ welding, 
and that procedures and sequences can be more 
readily adopted which will ensure more accurate 
alignment cf the finished job, i.e., reduced distortion. 


Manipulation can be provided to give rotation on one 
axis only, or on two axes. It is usual in structural 
work to employ uni-axial rotation, since the assemblies 
are generally long members, and as such, are rotated 
about their longitudinal axis only, as shown in Figs. 
6 and 7. 


Fig. 8 shows a manipulator for welding butt welds in 
flanges for plate girders. The centre portion of the 
flange being welded is 14in. x 24in. plate and the 
end portions 14in. x l#in. plate. The welds are 
double ““U”’, and the flange plate is rolled over on 
the rollers shown, from time to time, to permit welding 
alternately on opposite sides of the plate. By using 
careful judgment, flanges welded in this manner 
finish flat ready for incorporation in a girder. Similar 
flanges are shown incorporated in the plate girder 
standing beside the welders. In this case, the complete 
girder was assembled horizontally on bearers, the web 
butt welds having been made. These butt welds were 
vee welds prepared from the upper side only. The 
girder was then tack welded complete with stiffeners 
and while it was still in the horizontal position the 
welds to the stiffeners were completed. Where the 
flange to web welds are not too large, they may also 
be completed before turning over the girder for welding 
on the other side. f 


(e) Automatic Welding y 


Automatic welding has advantages in increased 
speed and in reduced distortion and cost over manual 
welding, in the welding mainly of heavy box sections, 
plate girders and stocky joist sections, but where 
stiffeners occur to interrupt its continuous run, manual 
welding becomes more practicable. Where plate 
girders are made with automatic welds between web 
and flanges, it is necessary to delay the assembly of 
web stiffeners until this welding has been completed. 
Both automatic welding and hand welding are equally 
satisfactory in any class of work. 


(f) Shrinkages and Distortions 


All welding produces shrinkages and distortions to 
a greater or lesser extent. Such shrinkages have to be 
allowed for especially in the lengths of members, and 
it is usual to do this by starting with overlong material 
and cutting the member to exact length after welding. 
Distortions can be very troublesome and _ require 
constant consideration in the design stage and during 
fabrication. There are two ways of dealing with an 
asymmetrical section; either it can be allowed to 
distort freely, the distortion being corrected by cold 
straightening afterwards; or it can be rigidly held 
during welding and cooling to prevent distortion. The 
method adopted depends on the nature of the work. 
The type of distortion in large girders which can be 
subsequently corrected is mainly confined to longi- 
tudinal bows. It is not generally practicable to remove 
local distortions in large members, but in sub-assemblies 
distortion can usually be corrected before they are 
welded into main members. 


Distortion, whether it be from manual or automatic 
welding, is fundamentally of two forms, and will vary in 
extent according to the conditions obtaining. These 
forms are basically lateral and longitudinal contraction 
in the weld metal and in the immediately adjacent 
plate. Sometimes these contractions are contradictory 
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Fig. 8.—Manipulator for Butt Welding Plate Girder Flanges 
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Fig. 9.—Longitudinal and Transverse Weld Shrinkage 


to each other, but this does not mean that the effects 
are completely cancelled out. A diagram illustrating 
these basic types of distortions is given in Fig. 9. 
Table 3 gives some examples of welding distortions and 
some possible treatments for them. 


The following notes embody considerations which will 
help in controlling or eliminating distortions. 


Some Hints on the Control and Reduction of Distortion 


(1) Keep welds to the minimum size that will safely 
transmit the loads to be carried. This requires correct 
design, specification and execution. 


(2) Use the largest suitable size of electrodes, bearing 
in mind plate thickness, welding position, length of run, 
etc. 


(3) Adopt a well thought-out welding procedure and 
vun sequence. If this does not give a completely satis- 
factory result, it 1s at least known what has been done, 
and the appropriate changes can be made. 


(4) Note that rigid restraint operates mainly against 
the plastic region of the weld during cooling, and so does 
not necessarily increase locked-up stresses. Considerable 
help can be obtained from the stress relieving of plates 
or components after preparation and before assembly, 
to eliminate the locked-up stresses which are always 
present in ordinary rolled material. 


(5) Distortion may be counteracted by pre-setting or 
pre-bowing the parts out of their true position or angle 
prior to welding. The amount must be determined by 
previous experience. 


(6) In certain cases, parts may be expanded by pre- 
warming before welding 1s commenced so that they 
contract with the weld metal. This will assist in re- 
ducing locked-up stresses in very rigid units. 


(7) Peening of individual weld runs in heavy butt 
joints immediately after deposition of individual layers 
will reduce contraction. This operation should never 
be excessive and should be executed under the strict 
supervision of the Welding Engineer or Foreman. 
Final layers should never be peened. 


(8) Where it 1s possible and economical, replace welds 
by bending plates. 
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SOME EXAMPLES OF WELDING DISTORTIONS AND THEIR TREATMENT. 


POSITION OF WELDS 


TYPE OF DISTORTION 


METHOD OF CONTROL 


Thin Plates. 


(1) All four edges. 


(2) On one edge. 


Centre bulges or buckles 


Centre bulges or buckles to lesser 
extent. 
Both due to edge shortening. 


Use step back welding sequence to 
break up additive heating and where 
possible fold plates instead of welding. 
Clamping restraint of little use. 


Thick Plates. 


Edges. 


Single bow of small amplitude or 
if weld small—no visible effect. 
Transverse rotation of plate 
about joint it single vee butt 
weld. 


(1) Weld from centre out. Preset 
plate with bow in opposite sense. 

(2) Use double vee butt weld or sct 
plate out of angle in reverse 
direction by amount of antici- 
pated rotation, or restrain physic- 
ally. 


Thin Plates. 


Centre. 


Buckling or rippling of edges. 


Step back weld from centre out if 
joint is across plate, or stagger 
welding for a weld group at centre of 
plate. Clamping restraint of little 
use. 


Thick Plates. 


Centre. 


Concave bow on side of welding with 
shallow stiffeners. 
Convex bow with deep stiffeners. 


Pre-bow plate in opposite direction 
of bow and weld from centre out. 


Thick and Medium 
Plates. 


Stiffener to web con- 
nections. ; 


Ribbing on face opposite stiffener. 


Very difficult toavoid. Use staggered 
intermittent welding if possible. 
Conceal by locating stiffeners oppo- 
site each other. 


Flange to web con- 
nections. 


Longitudinal bowing of members (1) 


Folding of flange plate about (2) 
web plate. 


(3) Longitudinal shortening. 


Balance welding to each flange 
by weld sequence. Pre-bow in 
opposite sense to resultant bow. 
Pre-bow the flanges by strong- 
backs in opposite sense. Pre- 
set the flanges by rolling or 
bending in opposite sense. 
Cannot avoid. Make appro- 
priate allowance in lengths of 
unwelded plates, etc. 


Member end con- All round one member. 


nections. 


Radiographic Inspection of Welds 
(a) Equipment 


In the post-war years there has been a steady 
increase in the requiring of radiographic inspection of 
welding, but whether or not this is an entirely satis- 
factory development is arguable. 


Two types of radiographic equipment are employed 
for this purpose, X-ray and Gamma Ray. The former 
requires a comparatively large and bulky machine to 
transform the electric supply current to a high voltage 
and contain the head and controls, whereas the latter 
requires but a small source of radio-active material 
which is contained in a protective casing or bomb. 
Portable X-Ray machines are used now for works 
and site radiography, but with the disadvantage that 
their penetrative powers are limited to plate 1 in. to 
ld in. thick with normal exposures. Gamma Ray 
equipment has some operational advantage in that 
it is readily portable and can be easily set up, but the 
exposure times required, thickness for thickness. of 
metal, are many times greater than those required for 
X-Ray equipment. See Table 4. 


Resultant connection is not truly at 
right angles. 


Balance weld. 


Weld from outside of group 
towards centre to avoid build up 
of contraction lever arm. 


Table 4 
Examples of Exposure Times 


The figures given below are for a constant Focal Length 
(F.F.D.) of 30’, using Kodak “‘Industrex D’”’ Film with lead 
screens, and a density of 2. 

The X-ray Unit is a Siemens 220 K 10 M.A. set and the 
Gamma source taken is 24 Curies of “ Iridium 192.” 


M.S. Plate Thickness X-ray Gamma Ray 


u" 


25 minutes 
274 minutes 
31 minutes 


1} minutes 
14 minutes 
24 minutes 


ts 4 minutes 42 minutes 
14” 8 minutes 1 hr. 20 mins. 
27 14 minutes 


2 hrs. 30 mins. 


_ Note: Owing to the possible variables in the techniques, the 
above figures ave approximate only, and ave for the purpose of 
comparison. 


The normal size of films in Great Britain is 15 in. 
x 4 in. and it is usual to adopt an effective length of 
12 in. on each film, so that in this case one film is 
employed per foot run of seam photographed. The 
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exposure is made through the steel with the film 
located directly against the reverse side of the steel 
plate or weld. As the film is sensitive to light as well 
as radio-active sources, it is placed in a cassette which 
is impermeable to light rays. 


Since for site work it is normally required that 
films should be developed soon after exposure, the 
provision of a mobile unit with darkroom and develop- 
ing facilities which can be sent to sites is a decided 
convenience. 


~ (b) Scope and Value of Radiographs 


It is accepted that butt welds are suitable for 
radiographic inspection, whereas fillet welds are not. 
Only defects that are caused by defective workmanship 
are reliably detected, such as lack of root fusion and 
slag inclusions. Properly developed welding pro- 
cedures, together with properly trained welding 
operators, will ensure freedom from deleterious welding 
defects. Weld cracks, which occur but very rarely 
and then usually only in rigidly restrained joints or 
in very thick plates, are detected by radiography only 
if they lie in the plane of the rays or nearly so. 


Where radiographic inspection is required for shop 
welding, it is clearly desirable that it should take 
place on completion of welded sub-assemblies, rather 
than after the final welding of main assemblies. Thus, 
for plate girders, any butt welds in flanges or webs 
should be radiographed before these sub-assemblies are 
brought together so that any repairs found necessary 
may be carried out in as unrestrained a condition as 
possible. It should be noted that the condition of a 
repaired weld, which when originally made suffered 
from minor defects, may not be satisfactory due to the 
introduction of appreciable locked-up stresses. 


The electrodes which were available for structural 
welding some twenty-five years ago deposited weld 
metal with numerous gas pockets and minor slag 
inclusions such as would not be accepted by inspecting 
authorities to-day; yet large fabricated structures, 
such as the Billingham Branch Bridge! with flange 
butt welds in 2in. thick plate, have satisfactorily 
withstood many years of service. 


Little investigational work has been carried out to 
indicate the influence of minor weld defects on the 
strength and service life of welded joints, and to the 
authors it seems that an excessive emphasis on clear 
radiographs, apart from causing unnecessary expense 
in radiographing, repairing the welds and re-radio- 
graphing, can react to the detriment of the job. 
Proper planning and supervision of the work will do 
more to ensure satisfactory results than post inspection 
by radiography. 


Machining and Ending 

Where it is necessary that members are finished 
to a true length it is normal practice to machine their 
ends, using a multi-toothed cutter. The member is 
set up carefully to ensure a truly square finish, and the 
cutter passes across at the appropriate speed. See 
Fig. 10. An obvious application of this tool is 
machining the abutting ends of stanchions and other 
compression members at splices. Here a truly square 
cut is essential. Similarly, stanchions are end milled 
to prepare them for bearing on a base plate. In the 
case of riveted stanchions, the main shaft, gusset 
plates, angle cleats and holding down bolt stools are 
, all machined in one operation. 


Due to the longitudinal shrinkage which occurs in 
welded members, such as plate girders, it is desirable, 
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Fig. 10.—Ending Machine 


where they are required to be of true length, such as 
in gantry girders, to fabricate them with a margin 
over their length. They may then be gas cut to 
approximately 4in. over their final length and milled 
to true length. These stages are shown in Figs. 11, 
12 and 13. 


Fig. 11.—Girder End Before Hand Gas Cutting to 
Approximate Length 


Where there is difficulty in setting up large fabricated 
units for other machining operations such as drilling 
and boring, due to limited space around the fixed tools, 
portable machines are used which can be placed on the 
shop floor, or on the fabricated unit itself. These 
machine tools will require accurate locating and level- 
ling in relation to the work-piece. 
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Fig. 12.—Girder End After Hand Gas Cutting 


Fig. 13.—Girder End After Milling 


Where it is required that a welded unit should be 
as stable as possible during machining, that is, that 
no movement due to the removal or release of locked- 
up welding stresses should occur, the unit should be 
stress relieved. This involves slowly heating the unit 
up to 650° C., soaking it at this temperature for one 
hour per inch of thickness, and cooling first in the 
furnace under controlled conditions, and then in still 
air. 
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Some recent trends and developments 


The tendency to-day, in view of the high cost of 
labour, is to cut down workmanship to a minimum. 
This generally means using a greater tonnage of steel 
which is the reverse of the practice followed during the 
war and post-war years. The production of steel in 
this country is increasing, and the authors feel that 
the time has arrived when the cheapest and not 
necessarily the lightest steel structure is required. 


We are approaching the state of affairs which has 
been ruling in the U.S.A. for a long time, and which is 
reported on fully by the Productivity Team which 
visited America in 19512. This team found, inter 
alia, that a range of heavy rolled sections for columns 
and girders was available to the fabricator, which even 
in very tall buildings, avoided the need for compounding 
of sections. A special column section is rolled of 
14in. x 16in. nominal section, which is available 
in 21 different weights per foot from 142 lbs. to 426 lbs. 
The lightest section has flanges 14 in. thick webs 
44 in. thick, whilst the heaviest section flanges are 
3in. thick and the webs 1fin. thick. This means 
that it is possible to use the same nominal column 
section from basement to roof, with comparatively 
small variations at splices. 


The heavy girder sections, known as wide flange 
shapes, are rolled up to 36in. x 164in. x 300 lbs. 
per foot with 1#in. thick flanges and }{in. webs, 
differing weights of this same section being available 
down to 230 Ibs. per foot. In the design of a steel 
framed building, efforts are made to keep the number 
of different sections used to a minimum, in order to 
reduce detailing and sorting in the shops, and also to 
fabricate as many of one item as possible to reduce 
production costs. The heavy girder sections are also 
used extensively as girders in bridge construction, 
the flanges being plated where necessary. Spans up 
to 90 ft. are possible on this basis, the very few 
stiffeners used improving the appearance and reducing 
the cost of the bridge. 


A description has been published? of a new mill 
which is now in production in this country, and which 
adds to our broad flange beam production and extends 
its scope so that sizes comparable with those being 
rolled in the U.S.A. will be available to us. 


So far as railway bridges are concerned, the tendency 
is to fabricate pieces as large as possible in the works 
so as to save time on the site. An example of construct- 
ing a railway bridge for despatch to site in large 
units is shown in Fig. 14. In this case, the bridge was 
assembled in the fabricating yard and the deck con- 
creted in approximately 11 ft. square units. When the 
bridge was dismantled, these units, together with the 
three main girders, were sent to site, site connections 
being made with high strength bolts. A point of 
interest on this bridge is the almost complete absence 
of outside stiffeners to the outer girders. This arrange- 
ment materially assisted the fabrication of these welded 
girders, both practically and economically. 


Fig. 15 shows a welded truss road bridge of 150 ft. 
span erected in the yard for inspection. All the web 
members were H sections built up by welding ; these 
are also illustrated in Figs. 4, 6 and 7. The cross 
girders were plate girders of welded construction, the 
bottom flanges being in N.D.1 quality steel. The site 
connections were by high strength bolts, and Fig. 16 
shows the connections at the intersection of the post 
and top chord. The construction of this bridge 
represents the latest development in the orthodox 
Pratt Truss. : 
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Fig. 14.._Railway Bridge Assembled in Shops for Concreting Deck Units. 
Lengths - 58 ft. Weight of Steelwork — 55 tons 


Fig. 15.—Yard Erection of 150 ft. Two Lane Road 
Bridge. Weight of Steelwork—75 tons 


NOTE 


Both the Authors are members of the British Standards Tech- 
nical Committee No. ISE/55—-Girder Bridges (Steel) which has 
been reviewing B.S. 153, and some of the points mentioned in 
the paper were the subject of long discussions in Committee. 
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The Influence of Shear on the Moment of 
Resistance of Reinforced Concrete Beams 


By K. Subbiah, B.E.(Andhra), M.Sc.Tech., and R. B, L. Smith, M.Sc.Tech., A.M.L.Struct.E. 


Synopsis 
The recommendations of British and other design 
codes on shear in reinforced concrete beams are exam- 
ined and suggestions are made concerning the basis 
of an ultimate load approach. Some recent research 
and theories are discussed. Experimental results 
obtained by one of the authors are used, together with 


other published test results to develop equations for, 


the moment of resistance of beams with or without 
web reinforcement. The physical significance of these 
equations is discussed and further research problems 
are outlined in relation to design requirements. 


Notation 

Aw cross sectional area of stirrups 

4 angle of inclination to horizontal of stirrups 
or bent-up rods. 

b breadth of beam 

ay effective depth of beam 

Mi shear stress factor as defined in 

F shear deterioration factor the text 

f'e crushing. strength of 6in x 12in. cylinders 

Iyw yield stress in web reinforcement 

y yield stress in main reinforcement 

neutral axis factor (ultimate) in simple 
bending 

Rg neutral axis factor (ultimate) with shear 
effects 

ky ratio of average compressive stress in bending 
to % u. 

ke ratio of depth to centroid of concrete com- 
pression in bending to k. 

m modular ratio 

Ms calculated failure moment in simple bending 

M, shear compression moment according to Laupa 

Mj shear compression moment according to Jones 

Ms F.M, for beams without web reinforcement 

Msw F.M, for beams with web reinforcement 

rT test failure moment 
n' neutral axis factor by the elastic theory 
q shear stress by the elastic theory = _ 
a 

Q shear force 

Pst permissible stress in tensile reinforcement 

i ratio of tensile main steel = a 

y ratio of compressive steel 

Pw ratio of web reinforcement = oe 

S pitch of stirrups along beam axis 

ty stress in tensile reinforcement 
shear span i.e. distance from support to 
nearest load 

u crushing strength of 6” cubes 

Cs stress in compression reinforcement 


E, elastic modulus of steel 


Introduction 


(a) Design methods based on ultimate load theory 
and tests have been introduced into design codes on 
reinforced concrete but at present these methods apply 
to the treatment of bending moments and axial 
compression, separately or combined, and the effect 
of shear is still treated by rules based on the “ elastic ”’ 
theory. The subject of this paper is the consideration 
of the combined effects of shear and bending, an 
understanding of which it is suggested is necessary 
for the proper use of ultimate load methods. For 
this purpose the strength of beams is expressed in 
terms of ultimate moment based on experimental 
evidence, instead of ultimate shear stress, since the 
effect of shear force influences the mode of bending 
failure and cannot be said to produce shear failure, 
except perhaps in the case of point loads very close 
to supports. 


The British Standard Code of Practice CP.114 (1957) 
introduces “Load Factor’ design with a cautious 
attitude to concrete failure (by the assumption of cube 
strength only § of its actual value) thereby limiting 
the percentage of tensile main steel below the balanced 
section of ultimate load theory in bending. This is a 
useful safeguard against “‘ shear deterioration,” for test 
evidence reveals that the ultimate moment in shear 
and bending is adversely influenced by large ratios of 
main tensile steel. The expression “‘ shear deterior- 
ation”’ requires explanation :—. it signifies the fact 
that when a reinforced concrete section is subjected to 
combined shear and bending the full ultimate moment 
of’ resistance for bending only may not be realised, 
due to effects described in this paper. 


(b) Current design methods 


The present British Code of Practice specifies a 
value of the elastic shear stress g = .033 wu (for u> 
3,000 Ibs. per sq. in.) or g = 40+ .02u (for u > 
3,000 Ibs. per sq. in.) as the criterion of shear safety 
in a beam without designed web reinforcement, and 
four times this value as the limit for beams with web 
reinforcement. Other codes have similar recommenda- 
tions although the interpretations of the significance 
of g vary considerably. An American code! permitted 
the use of higher values of g in cases where “ special 
anchorage’ of the main rods was provided, thus 
suggesting a realisation that end hooks to tensile 
reinforcement in beams constitute an’extreme form of 
shear reinforcement. The German regulations are 
stricter than the others, not only in the values of q¢ 
specified which are not linearly related to the concrete 
crushing strength, but also in the requirement that if 
any section of a beam exceeds the lower limit of ¢ the 
whole of the shear throughout the span must be taken 
on reinforcement. } . 


378 


KEY + RICHART 
« MORETTO 
© CLARK 

TESTS. GASTON 
« LAUPA 
» MOODY 
x SUBBIAH 


0 200 400 600 800 
Fig. 1—q lb. per sq. in. 


BEAMS WITHOUT 


WEB_ REINFORCEMENT 


Fig. 1 indicates the range of failure values of g from 
test evidence of beams of normal concrete quality and 
it will be observed that in some tests very low failure 
values of g were recorded. All these beams were 
without web reinforcement and the majority of cases 
are not simple flexural failures as indicated by the 


. My . 
fact that the ratio aT. is less than 1.0 due to shear 
B 
deterioration. It is sometimes stated that present-day 
Codes are unduly conservative concerning shear. This 
may be so in the majority of beams designed but Fig. 1 
reveals that qg is not a reliable criterion of shear capacity. 


This philosophy of design assumes that diagonal 
cracking is equivalent to the failure of a section 
without web reinforcement and that such reinforcement 
when provided acts independently in resisting shear. 
A recent paper by Whitney? shows that the value of 
gq at diagonal cracking is not a simple function of 
concrete strength, since it depends largely on the 
flexural reinforcement, and he proposed the following 


equation 
it My, dy 


based on test evidence. Much research has been 
devoted to evolving formulae to predict initial cracking 
but in the opinion of the authors, the precise definition 
of such cracking is practically impossible so that the 
personal element and test conditions will affect the 
reported cracking load. Once such diagonal cracks 
have occurred, the beam does not necessarily fail 
without considerable increase of load and at this stage 
g cannot represent an elastic shear stress. For this 
reason Whitney suggests that a nominal measure of 
shear intensity could as well be given by the shear 
force divided by bd,, which is designated in this paper 
by the symbol f, and its significance is discussed later. 


Hence the following conclusions are reached :— 


(1) the only validity of q is to safeguard against 
diagonal cracking and this is questionable. 


(2) beams designed without web reinforcement below 
the limit of g permitted by the Code may have widely 
varying load factors. 


(3) the design of reinforcement when provided ignores 
the strength of the concrete section, or is assumed to 
act independently of it. Consequently efforts to 
assess the ,efficiency of such reinforcement give results 
Inconsistent with the design theory3, 


» y 5 
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(c) Suggested basis of design 


Following the hypothesis outlined above, that the 
influence of shear affects the ultimate moment of 
resistance of a reinforced concrete section, consider 
first the capacity of a beam section in simple flexure, 
Mx, which would be required to be equal to working 
load moment multiplied by an appropriate load factor. 
(N.B. if a method is required in which the load factor 
is already introduced into the design formulae as in 
CP.114 (1957), it would be possible to carry out this 
modification, but it will not be considered further 
here). It is necessary to ensure that the beam will 
not fail below this moment My, due to effects such as 
shear or lateral instability. It would also be desirable, 
though not essential, that M, itself should result in 
yield of the tensile reinforcement rather than primary 
compression failure. 

This approach would have the following advantages:— 

(1) it would be economical since it would fully 
utilise the capacity of the section. 

(2) it would give a guaranteed load factor which 
the present unrelated shear design method does 
not do. 

(3) it would avoid the types of failure which occur 
suddenly and give no warning. 

Shear does not directly cause the failure of reinforced 
concrete beams, but its effects appear as tensile stresses 
leading to cracks, which in turn influence the moment 
of resistance of the section. Hence it is convenient to 
develop ultimate load equations in terms of moment 
rather than in terms of shear in the form :— 


Msy = F. Ms . . . . (2) 


where F is a function of 7, fy, vr’, u, f, rw and fyw, 
with a maximum value of unity, to be described as 
the Shear Deterioration Factor. 


All the variables listed represent properties of the 
cross-section with the exception of f, the ultimate 
average shear stress described above. 


Tt 
S 


Stussi 
stress block 


Total compression 


C=2uk,bkd, 


T 


Fig. 2 


The determination of M, has been the subject of 
extensive research for many years and several methods 
have been developed which give similar results4. 


November, 1958 


The stress block illustrated in Fig. 2 leads to the 
following equations : 


Total compression C = 2h, u.b.kd, 
= Total tension T = rbdjt, 


Ultimate moment of resistance 
Mz = C (1—hek) ay 


For beams with compression reinforcement the term 
(y’bdycs) must be added to the total compression. 
The factors ky and kg have been evaluated in relation 
to concrete cube strength. To derive a value for k 
in order to calculate My it is necessary to determine 
ts and cs. This is done on the basis of linear distribu- 
- tion of strain in the concrete section up to an assumed 
ultimate strain in the extreme fibre, usually taken 
between 0.3 and 0.4 per cent. From the resulting 
steel strains, ¢; and cg may be expressed in terms of 
Es, with maximum values corresponding to yield or 
proof stresses. The procedure is therefore to assume 
both cg and ¢, equal to yield stress, determine & on this 
basis and then to check this assumption with correction 
if necessary. 


W 
2 


Fig. 3 


N= 


The evaluation of the factor F for simply supported 
beams subjected to loading systems of the type shown 
in Fig. 3 is described later in this paper. Further 
research is in progress to extend its application to 
uniformly loaded and continuous beams and frames. 
It is of value in that it directly indicates whether the 
provision of web reinforcement is required and enables 
an adjustment of the area of web reinforcement to be 
made in order to increase F up to the value of unity. 
It has been found to apply to the whole range of 
available test data. Other expressions for the moment 
of resistance of reinforced concrete beams subjected 
to combined bending and shear force have been 
proposed5-8.7. but the approach outlined above has 
two characteristic features :— 

(1) it includes a shear intensity variable, f. 

(2) it relates the moment with shear effects to the 
moment in simple flexure. This is considered to be 
of advantage for design purposes, but it should be 
made clear that the relation is based on calculated 
_ values of M;, not actual test values which may be on 
the average about 15%, greater. 


Earlier published research and theories 


(a) The history of shear in reinforced concrete has 
been admirably exposed by Hognestad8 and therefore 
only a few relevant topics will be discussed. 

Early theories of shear, as advocated by the British 
and other design codes, were elastic in origin, as for 
example the formula for shear stress g, the truss 
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analogy for design of web reinforcement (recommended 
for bent-up rods) and the elastic formula, 


Aw st Ja 
Q = Se Pats | 


— K b Hes Vw Pst . . . . (3) 
where K = (sina + cosa) sina 


sina + cosa) 


which is recommended by the British Code for stirrups, 
although it yields about V/2 times the shear resistance 
given by the analogy (as usually interpreted) when 
both are applied to bent-up rods. ; 

In 1927 Richart® suggested that the contribution of 
the concrete should be included in addition to the 
resistance of the reinforcement in the form 


Q = GP IT wePst) Bacet vis) te{A) 
where c = permissible shear stress on con- 
crete 


and this type of equation was endorsed by Wilby’. 
The American 1941 ACI Code adopted a formula of 
this type. 


The elastic theory cannot be satisfactory as a basis 
of shear design. As long ago as 1909, Talbot1° 
suggested an ultimate shear stress as a function of 
f'c.y and the span of the beam. Various workers!1 
have developed this idea after a long period of neglect, 
but none have produced an empirical formula satis- 
factory over a wide range. This failure is due to the 
conception of shear stress as a measure of shear 
capacity and to the fact that contributions of web 
reinforcement and concrete section have been treated 
as independent quantities to be added rather than as 
interacting variables. 

(b) In 1953, Laupa, Siess and Newmark® published 
a new theory in which the attempt was made to treat 
the combined effects of flexure and shear on an ultimate 
load basis. According to this a beam may fail in one 
of four ways :— 

(1) in flexure unaffected by shear4, 

(2) in “‘shear-compression.’’ This is similar to 
to flexural failure except that the effect of shear 
tends to restrict the compression zone and lead to a 
lower moment than case (1). 

(3) in ‘‘shear proper.” This will only occur due 
to heavy loads very close to the supports and such 
failure has a different mechanism from (1) and* (2), 
Little is known about this type of failure. 


(4) A type of failure between (1) and (2). 


From experiments of the type indicated in Fig. 3 
in which x was the only variable1?, the conclusion 
was reached that the ultimate shear force was inversely 
proportional to x and that provided the failure is of 
type (2), the ultimate moment Wx/2 is a_ constant 
for a particular beam i.e. determined entirely by the 
properties of its cross-section. This moment value is 
called the ‘‘ Shear-Compression’’ moment and is 
given by 


M, =f'cbdirks 2 (f'etwfyw) (Basic) } 
' 4.5 
eI Say 2 ’ , 
ar 
(: + as 4 (Empirical) 

It will be noted that the basic equation includes the 
term kg which is replaced by (”’ + my’) in the empirical 
equation. 

This introduction of elastic factors is entirely a 
matter of convenience, but it tends to restrict the 
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formula to a limited range of application, even though 
the empirical terms were derived from all available 
test results. 


The theoretical interpretation is open to several 
objections. The equation fails to reveal a reasonable 
value of ks and makes the assumption that the concrete 
always fails in compression, which not only conflicts 
with experimental evidence, but also leads to difficulties 
concerning compression reinforcement. It is known 
that such reinforcement does not usually yield in 
failures of this kind (type (2)), and the modular ratio 
m is introduced in acknowledgment of this fact in 
equation (5) which is incompatible with a failure 
concept based on compression failure. 


However, the principal objection to equation (5) is 
that it is based on the analysis of one type of failure, 
and on the assumption that ultimate shear is inversely 
proportional to x, which is approximately true only 
over a limited range. 

A further limitation was discovered by Royston 
Jones? who applied Laupa’s formula to his own tests 
and other tests carried out in the University of Leeds. 
He found it to be inaccurate above the range of concrete 
strength included by Laupa and proposed a modified 


formula on the same basis : 
F ; 9.74 f'¢ 4,02f'6 
(n’ + mr’) (0.79 105 “+ 109 


(9 pais ) 15> OL IG(6) 


My =f'cb dy? 
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This equation is however less accurate than equation 
(5) for the range of concrete strengths up to 6000 lb. 
per sq. in. on which Laupa’s work was based. 


In spite of the above criticisms, the work of Laupa 
is of outstanding value in the study of shear effects 
in reinforced concrete beams. Its conception of the 
function of web reinforcement i.e. to restrict the develop- 
ment of diagonal cracks and so to force the beam to 
fail at its full flexural moment, is of great importance, 
and there is valuable discussion of the maximum useful 
quantity of web reinforcement. 


Other topics discussed in the same paper include 
T-beams, restrained beams and the effects of other 
types of loading. In all these matters there is a 
serious lack of experimental evidence, which diminishes 
the present value of the conclusions reached. 


Zwoyer® and Moody and Viest? have also developed 
ultimate moment formulae in combined bending and 
shear. Zwoyer accepts the concept of shear-compression 
in a similar manner to Laupa but this is disputed by 
Moody and Viest from experimental evidence. Both 
these equations are open to the same objection as 
applies to Laupa i.e. the effect of shear has not been 
included as a variable, the moment depending only on 
the properties of the beam cross-section. 


Evaluation of the Shear Deterioration Factor F 


The experimental research carried out in connection 
with this work included the testing of over 100 beams 
under the loading system of Fig. 3. These tests were 
intended 


(a) to supplement the existing information from 
all available published sources which was used in 
this analysis. 


(b) to gain experience from the study of modes of 
failure in actual tests. 


It was observed that diagonal cracks in beams 
without web reinforcement lead to horizontal splitting 
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Fig. 4.—Stages in the failure of a beam by combined 
effects of bending and shear 


along the tensile reinforcement as illustrated in Fig. 4, 
which in turn causes increased penetration of the 
compression zone by mechanical lever action. Stirrups 
may thus be seen to serve a double function (1) to 
prevent or restrict longitudinal splitting along the 
reinforcement, for which reason all practical beams 
should have some stirrups (2) to restrict the develop- 
ment of diagonal cracks which they cross, and this 
second purpose will also be achieved by bent-up rods 
from the main reinforcement. The effect of end 
anchorage hooks to the main tensile reinforcement 
may be understood as shear reinforcement, since their 
function is to prevent mechanical lever development 
of diagonal cracks near the ends of the beam. 


The final failure of a beam with shear effects may be 
caused by extension of the horizontal splitting leading 
to bond failure, crushing of the concrete in the reduced 
compression zone, or, for high shear/moment ratios, 
shearing of the compression zone. In all these cases 
the failure is rather sudden, and provision of sufficient 
web reinforcement will prevent these types of failure 
and force the beam to fail in simple flexure. 
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(1) It was first necessary to consider beams without 
web reinforcement in order to study the resistance of 
the concrete section. Such results are liable to large 
scatter due to the longitudinal splitting described. 


It is clearly a matter of great difficulty to isolate 
from a mass of test evidence the variables on which 
F was considered to depend, but by choosing a com- 
posite variable k, the neutral axis factor at ultimate 
load in flexure, itself a function of all the variables 
except the shear stress factor, and plotting the ratio 
M ; 

; ar from test results against k as shown in Fig. 5 a 

B 

consistent relation was obtained. 


The effect of the ratio was’ now investigated by 
1 


plotting graphs of series of tests in which this was the 
only variable. This revealed a further relationship 
and an empirical equation was deduced in which F was 
x 


given in terms of k and x 
1 


However, it was felt to 


be desirable to replace _ by a variable directly rep- 
1 


resenting a shear intensity. The shear stress at 
failure moment M., may be expressed as 


M, eee i, (FN Ma\ a fr 
% J) bkgdy “dks ay RI N\bad2/-% ) 


neglecting the dowel action of the main reinforcement. 


This indicates that + does not represent completely 
1 
the effect of shear stress in the beam. ex is unknown 


Rs 
but from test observations found to be approximately 
constant. 


Consequently it was decided to define a shear stress 
factor, 


f= ey a iy an Ib. x 103 persq.in. . (8) 


* ) web reinforcement 


Vv Series with web 
reinforcement 


(SUBBIAH) 
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xbd, 


Fig. 6 


Fig. 6 shows the result of plotting a against f from 


tests in which f was the sole variable, and from this 
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a trend expressed by ae = (1 —0.3f) was observed. 
B 


Clearly it would be desirable to have additional 
evidence on this. 


: M 
ig. 7 is a graph of M,( TET cian k from which 


the following empirical equation was deduced : 
Ms = My (1—0.3f) (1.2—0.8k) . (9) 


1-2 
1:0 
Mr 8 
Ma(l--3f) 
6 
KEY ¢ RICHART 
-4 « MORETTO 
TEST © CLARK 
eo . * GASTON 
2 . OLAUPA 
* MOODY 
0 x SUBBIAH 
k 
Fig. 7 


The results of comparing this equation with various 
published tests are shown in Figs. 8, 9 and 10, and 
these show agreement + 20° except for certain of 
Richart’s tests in which bond failures are suspected. 


(2) For beams with web reinforcement, it was 
assumed that the difference between M; given by 
equation (9) and the failure moment in combined 
bending and shear was due to the provision of web 
reinforcement, and Fig. 6 indicates that the effect of 
the shear stress factor f may be the same for beams 
with as for without web reinforcement. Study of 
test data revealed that (I, —M;) was proportional 
to My, and (1 —0.3f), and Fig. 11 is a graph of 

(Mz —Ms) 
My, (1 —0.3/) 
slope 1.8 so that 


M,—Ms = Mz (1.8 7efyn) (1 —0.3/) 


M, = Mew = 
Ma (i —O.3//(12 208k + 1Srafyx) « (10) 


where fy w is in units of lb. x 108 per sq. in. 


against 7wfyw, the trend of which has 


i.e. 


Since the maximum effective value of F is unity, 
there will be a limit to the useful ratio of web reinforce- 
ment. The group of 10 test results in Fig. 11 which 
lie to the right of the main group represent beams in 
which this useful limit has been exceeded. 


The results of comparing equation (10) with various 
tests are shown in Figs. 12, 13 and 14. The high 
values observed for some of Moretto’s tests may be 
attributed to the fact that the stirrups were welded. 


It will be observed that the scatter of test results is 
reduced as compared with those for beams without 
web reinforcement, and this may be due to the elimin- 
ation by the use of stirrups of the effects of horizontal 
splitting along the tensile reinforcement. 
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Fig. 8.—Concrete Strength f’c, lb. per sq. in. 
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Fig, 13 


Physical Significance 


The factor F was considered to depend on three 
variables and it may be of interest to consider their 
physical significance : 


(1) &, the neutral axis factor at ultimate load in 
flexure is a function of 7, fy and u. The extent of the 
penetration of the compression zone by diagonal 
cracks is affected by the value of k. Of course, beams 
with very small values of & will normally fail in simple 
flexure, and as k is increased, for example by the 
provision of more tensile reinforcement, a greater 
risk of shear failure is to be expected. The work of 
Laupa and others demonstrated that beams with high 
tatios of main tension steel are prone to shear failure 
not merely because they have high flexural moments 
of resistance, but also because of reduced shear capacity. 
The effect of this on k seems to be the most convincing 
explanation of this and hence it is reasonable to choose 
k as a function of F. This further demonstrates that 
present-day design practice of considering shear stress 
q only is unrealistic. 


(2) f, an empirical shear stress factor. This would 
appear to be related to the extent of diagonal crack 
formation. Whitney? has suggested that shear strength 
depends on ultimate flexural capacity and ratio 
a He concludes that it is therefore a function of 
reinforcement strength and beam proportions and not 
primarily dependent on wu as assumed in the present 
conventional method. This contrasts with the theory 
of shear-compression moment (such as _ Laupa’s) 
dependent on section properties only. 


The difficulty lies in the definition of a shear stress 
factor to fit in ultimate load theory, since the ultimate 
shear is unknown until the ultimate moment also has 
been calculated, for which the factor is required. The 
method given above in effect postulates that the object 
of design is to make the ultimate moment in “ shear- 
bending’ equal’ to My, by web reinforcement if 
necessary. It.cannot have design values greater than 


My. Hence the relevant ultimate shear is ae and the 


Ms 
xb ay 
In order to apply this to other cases of loading it 
will be necessary to establish the equivalent shear- 
span for each. 


(3) rwfyw, the effective contribution of the web 
reinforcement. It may be noted that the assessment 
of the value of this contribution is almost the same as 
Laupa’s. The action of stirrups is fundamentally to 
limit the extension of diagonal cracks (which is also 
done to some extent by the main tension steel, as 
noted in the question of end anchorage) and to prevent 
splitting along the tensile reinforcement. Good design 
practice insists on minimum web reinforcement in 
the form of “nominal” stirrups for all beams even 
though this is not required by the design code, and this 
is seen to be a wise provision. In restricting the 
development of diagonal cracks, the stirrups are thus 
effectively preventing a premature moment failure 
below M, and thus forcing the beam to achieve its 
full flexural value. 


shear stress factor is » for loading as in Fig. 3. 


Conclusions 


In order that the treatment of shear should be made 
consistent with other aspects of modern ultimate load 
design in reinforced concrete, it is necessary to con- 
sider its effects in relation to the moment of resistance 
of a beam. An evaluation of the shear deterioration 
factor F has been described for a particular kind of 
load on simply supported beams. 

The equations (9) and (10) give satisfactory agreement 
with test results over a considerably more extended 
range than previous equations such as (5) since for 
low values of f the moment approximates to Mz, 
and as may be seen from the graphs, reasonable 
agreement is given even with cases treated as “ shear 
proper’ by Laupa, Siess and Newmark. 


It-is not possible at this stage to give a complete 
method of shear design based on the above treatment, 
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Since the majority of so-called “shear ”’ failures are 
really failures in bending mainly differing from simple 
flexural failure in that the effect of shear causes the 
concrete to crack diagonally instead of vertically, it 
would be incorrect to consider a vertical section in 
applying equations (9) and (10). Instead the whole 
region of shear span should be reinforced to satisfy 
equation (10) at the section under the point load. 
Further research is required in order to apply this 
method to uniformly distributed loading, concerning 
which there was no available test evidence at the 
time of writing. The necessary values of My and k 
should be available in the form of charts or tables 
when ultimate load design becomes normal practice. 


In the special case of point loads very close to the 


supports (very low ; ratios), available test evidence 
1 

indicates that equations (9) and (10) are reliable 

down to + = 

ay 

mental evidence is required. 


1.0. Below this value further experi- 


In conclusion, the authors would refer briefly to 
the problem of frame design in reinforced concrete. 
It is clearly illogical to use an elastic frame analysis, 
such as moment distribution with section design based 
on ultimate load methods. Limit design of frames 
depends on the concept of plastic hinges or regions 
and it is necessary to ensure that such parts of the 
structure will not break down due to the increasing 
shear force associated with the development of plasticity. 
A paper by Khan and Mattock!4 describes an ingenious 
series of tests designed to simulate this effect. Their 
conclusion is that a plastic hinge subjected to increasing 
shear is at least as strong as a similar section in which 
the moment and shear are increased simultaneously 
to the same ultimate values. Since the principle of 
superposition could not be invoked for such a case, 
this conclusion is important. Half of the test beams 
were reinforced with stirrups sufficiently to make the 
calculated value of F greater than unity according to 
the method of this paper. The other half had no 
web reinforcement but although the calculated shear 
deterioration factor F is between 0.75 and 0.95, no 
reduction of full flexural moment was apparently 
observed. This suggests that further tests of this 
kind are desirable. 
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Book Reviews 


Discovery No. 2—1957, by the University of Mel- 
bourne. (Melbourne University Press, 1957.) 96 pp., 
93in. X 7in. 2s. 6d. 

The second issue of this work appears after an 
interval of two and a half years. It includes twenty 
articles explaining research projects in the various 
departments of the University. The editors rightly 
suggest that the general reader will find much of 
interest in the book and have incorporated eighty 
illustrations to supplement the articles which cover 
such diverse subjects as Electricity in Medicine, Energy 
from the Sun, and ‘ Nylons and All That.’ 

The interest of structural engineers will probably 
centre on the section on Technology edited by Professor 


A. J. Francis, a Member of this Institution. This 

section features an article entitled ‘ Why Metals Fail,’ 

and follows this with others on lubrication, industrial 
jewels and power control. 


An Introduction to Automatic Digital Computers, by 
R. K. Livesley. (Cambridge University Press, 1957.) 
8$in. x 541in., 53 plus viii pp. 8s. 6d. 

This is a brief account of digital computers which 
describes in general terms what they can do and how 
they are made to do it, and also gives some of the 
calculations for which they have been used. The 
emphasis is on the application of machines to routine 
compiling work rather than to research. 
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Through the generosity of Mrs. A. E. Wynn, the 
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as the “‘ A. E. Wynn Prize ”’ in memory of her husband. 
The Prize will be awarded to the candidate in each 
Associate-Membership Examination who, passing the 
whole of the Examination, obtains the highest marks 
in the Reinforced Concrete Section of the Structural 
Engineering Design and Drawing paper. The first 
award of the Prize will be made in connection with the 
July 1958 Examination. 


SYMPOSIUM .ON- HIGH’ SCRENGTH BOLTS 


The Council of the Institution of Structural Engi- 
neers have decided to hold a Symposium on High 
Strength Bolts and arrangements are now being made 
for this to be held at Church House, Westminster, 
on Wednesday and Thursday, 10th and 11th June, 
1959. The Symposium will comprise technical sessions 
with discussion and also an exhibition of materials, 
equipment and photographs. The following subjects 
will be discussed at the technical sessions : 

History, Research and Principles of Design 
Bolts and Wrenches 
Preparation of Steelwork and Site Erection. 


Papers will be contributed by authorities of inter- 
national reputation from European countries and the 
United States of America. 


Details of the Symposium will be announced shortly. 


THE MAITLAND MEDAL 


As announced earlier this year, the Council have 
instituted a new award to be associated with the name 
of the Secretary, Major R. F. Maitland. The title 
of the award is ‘“‘ The Maitland Medal ’’ and the general 
conditions governing it are as follows : 


1. The Institution of Structural Engineers shall 
include hereafter in their Sessional Programme of 
Meetings a written lecture, to be known as The Mait- 
land Lecture. 

2. The subject of the lecture may be on research, 
design or construction in the field of structural engi- 
neering, with special reference to new developments. 

3. Entrance into the competition will be open to 
all Members and Associate-Members of the Institution 
of Structural Engineers, but not Graduates or Students. 

4. All papers received for the competition shall 
be submitted to assessors to be appointed by the 
Council and all such papers, including the prize winning 
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or read elsewhere. 

6. The winning lecture shall be presented at an 
Ordinary Meeting of the Institution in the early part 
of each Session. 

7. The winner of the competition will receive the 
premium award to the value of £100. In addition, 
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he will receive the Maitland Silver Medal suitably 
inscribed, at a later meeting at which the Institution 
awards are normally presented. 


8. In the event of there being no winner of the 
competition in any one or more years, whether because 
no paper submitted is considered to be of sufficient 
value to warrant award, or for any other reason, 
os Council shall retain the premium in their general 
unds. 


9. The Council reserve the right, but not more 
than once in every three years, to invite an eminent 
engineer distinguished in the field of structural eng- 
ineering to deliver the Maitland Lecture on a subject 

.to be determined by the Council, in which case no 
competition will be advertised during that session, 
and the Maitland Medal and Premium will be presented 
to the lecturer. 


(The Maitland Lecturer will not be eligible for any 
other Institution award or prize.) 
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The Maitland Lecture will be given for the first 
time on the 22nd January, 1959, when, at the invitation 
of the Council, Mr. O. A. Kerensky (Member) will 
address the Institution on ‘‘ Modern Large Span 
Suspension Bridges.” 
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his Lecture early next Session. 


All Lectures submitted for the Competition must 
be received by the Institution not later than the Ist 
March, 1959. Competitors are requested to submit 
five copies of their lectures. 
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The Literature Committee have under consideration 
the selection of papers for inclusion in the Sessional 
Programme for 1959-60. Members who may wish 
to offer papers are invited to communicate with the 
Secretary. 
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The Council have appointed the following Institution 
representatives : 
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Mr. E. R. Deeley (Member). 
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Bod 
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(To succeed Mr. G. S. McDonald, who has resigned). 
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Loughborough College of Technology—Advisory Com- 
mittee on Civil Engineering 
Mr. G. F. Eley (Member) 


OVERSEAS REPRESENTATIVES 
The Council have re-appointed the following Over- 


seas Representatives of the Institution for a further 
period of five years : 
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Victoria and New South Wales 
Professor A. J. Francis (Member). 
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“ THE STRUCTURAL ENGINEER” 
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mark the Fiftieth Anniversary of the Institution are 
available, price 10s. 6d. (by post 12/-), on application to 
the Institution of Structural Engineers, 11, Upper 
Belgrave Street, London, S.W.1. 


THERMAL INSULATION OF BUILDINGS 


Thermal Insulation (Industrial Buildings) Act 1957 
and the regulations issued by the Minister of Power 
under this Act come into operation on the Ist January, 
1959. 

The Act, regulations and an explanatory memoran- 
dum can be obtained from H.M. Stationery Office. 

It will be recalled that in April of this year a con- 
ference on Thermal Insulation was held at Earls Court 
in connection with the Factory Equipment Exhibition 
when the objects and effects of this Act were expounded 
by a number of speakers. 

A further conference on the same subject has been 
arranged in connection with the Factory Equipment 
Exhibition to be held in April 1959. 


TERRITORIAL ARMY 

Major R. H. C. Gates, M.C., R.E., A.M.L.Struct.E., 
Old Beech Cottage, Rectory Lane, Bracknell, Berks., 
will be interested to hear from members who would 
like to serve with the Territorial Army and in particular 
with 114 Army Engineer Regiment (T.A.) which is 
very short of officers and potential officers. The 
Headquarters of this Regiment is in Hackney, with 
Squadrons stationed at Tottenham, Holloway and 
Bethnal Green. It is one of the oldest units in the 
Territorial Army and has a proud record. 
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LONDON GRADUATES’ AND 
STUDENTS’ SECTION 


Two visits to works were arranged during the 
summer months. The first took place on the 7th 
June, when members of the Section visited the Fulham 
Gas Works. The party’s progress round the works 
followed the gas production sequence and began at 
the riverside, where the sea-borne mine coal was 
being unloaded from colliers and despatched to the 
works by a conveyor system approximately half a 
mile long. In the Converter House, the visitors 
saw the conversion process from crushed coal to raw 
gas. They then visited the Pump House. The gas 
storage holders proved interesting, one constructed 
in 1830 and reputed to be the oldest in the world, was 
still in use and in near perfect condition. Another 
nearing completion was of novel construction, the 
steel plated roof shell being supported by the gas 
itself once inflated. 

An interesting visit to the Mortlake Brewery took 
place on the 9th August, when members were shown 
the impressive extension scheme now being carried 
out. The scheme comprises a five storey steel framed 
building with a 16 ft. deep cellar, and underground 
liquid storage chambers together with two tunnels, 
one 180 ft. long and a bridge connecting adjoining 
buildings. The work is being carried out in two 
phases ; the first, roughly half of the building, tunnels 
and bridge, is now complete with the plant being 
installed. The visit was the more interesting to see 
the completed first phase with the second phase in 
the course of construction. 


The skeleton of the building was cased structural 
steelwork with insitu and prestressed plank floors, 
loadings varying from 2—6 cwts. per sq. ft. and with 
column loads of the order of 700 tons requiring piled 
foundations. Only the towpath separated the cellar 
and pile cap excavations from the river, which twice 
flooded the site. 


Following the delivery of the steelwork to site 
various amendments had become necessary, requiring 
larger openings in the floors and heavier floor loads, 
etc. The Consultants used the modern device of 
reinforcing the steelwork with reinforced concrete 
and reinforced concrete trimmer beams. Also floor 
areas had become inadequate and it was decided 
to place the corridor 10 ft. wide on each floor outside 
the steel framework. These were supported on post 
tensioned reinforced concrete cantilevers anchored 
back to the steel frame. 

The steel frame involved some 1,400 tons of steel 
for both phases. There were approximately 250 
tons of reinforcement, six miles of prestressed planks 
and 25,000 sq. yds. of mesh. The total cost of the 
works is estimated at £750,000 excluding plant. 

The following meetings have been arranged and will 
be held at 11, Upper Belgrave Street, London, S.W.1, 
at 6.30 p.m. : 


Tuesday, November 4th, 1958 


Engineers’ Forum. 

Speakers: D. N. Mitchell, M.I.Struct.E., M.I. 
MoE. Ret hittlen ii Ay AIM Strick iy Aue 
J. E.-C. Wehrle; ‘A.M.LStruct.E. 


Monday, December 1st, 1958 
Films of Engineering Interest. 
Tuesday, January 13th, 1959 


Address by a Vice-President of the Institution. 
Hon. Secretary : R. M. Amodia, B.E., 21, “y pgetads 
Gardens, London, S.W.5. 
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Branch Notices 


LANCASHIRE AND CHESHIRE BRANCH 
The following meetings have been arranged : 
Tuesday, November 11th, 1958 
Dr: T? G- Boucher, M’S.(Tech?), “Al MT Struct Be 


A.R.I.B.A., on “A History of Structural Engineering in 
Lancashire and Cheshire.” 


Wednesday, December 3rd, 1958 


Joint Meeting with the Reinforced Concrete Associa- 
tion. 

Mr. W's. Watts; A.M. Struct.2., (A Mil Cia 
“ Points of Structural Interest at Calder Hall.” 


Tuesday, January 13th, 1959 
Mr. Clifford E. Saunders, M.I.Struct.E., (Vice-Chair- 
man Western Counties Branch) on “ Some Structures 
Involving Unusual Design Problems.” 
Meetings will be held at the College of Science and 
Technology, Manchester, commencing at 6.30 p.m., 
preceded by refreshments. 


MERSEYSIDE PANEL 
The following meeting has been arranged : 


Wednesday, November 19th, 1958 

Mr. N. To Barrett)’ BSci(Eng:}PoA ME Potemerie 
on “ Housing the Dounreay Fast Reactor.’ 

At the College of Building, Clarence Street, Liver- 
pool, commencing 6.30 p.m. Light refreshments 
will be available from 5.30 p.m. 

Joint Hon. Secretaries : J. L. Robinson, A.M.I.Struct.E., 
314, Northenden Road, Sale, Manchester; M. D. 
Woods, A.M.I.Struct.E., 8, Dennison Road, Cheadle 
Hulme, Cheshire. 


MIDLAND COUNTIES BRANCH 
The following meetings have been arranged : 


Wednesday, November 12th, 1958 


Dr. F. W. Gifford, M.I.Struct.E., A.M.I.C.E., on 
“Factory Production of Precast Concrete.” 

At the Electricity Demonstration Hall, Irongate, 
Derby, commencing 6.15 p.m., preceded by tea from 
5.30 p.m. 


Tuesday, November 25th, 1958 


A Joint Meeting has been arranged with the Notting- 
ham, Lincolnshire and Derbyshire Architectural Associ- 
ation, to be held at 64, St. James’ Street, Nottingham, 
at 7 p.m. 


Friday, November 28th, 1958 
Joint Meeting with the Birmingham and Five 
Counties Architectural Association. 
MrovA. Ge Ling? BoA: ROR BIAS MoT Pale ewe 
give a talk on the “ International Union of Architects 
1958 Congress in Moscow.”’ 


Friday, January 23rd, 1959 


Joint Meeting with the Reinforced Concrete Associ- 
ation. 

Mr. A. P. Mason, B.Sc.(Hons.), M.I.Struct.E., 
M.I.C.E., (Honorary Librarian) on ‘“‘Some Modern 
Examples of Reinforced and Prestressed Concrete 
Work.”’ 

Unless otherwise stated meetings will be held at 
the James Watt Memorial Institute, Great Charles 
Street, Birmingham, at 6.30 p.m. Tea will be served 
from 5.45 p-m. 

Hon. Secretary: John R. Chaffer, M.I.Struct-E., 107, 

Jockey Road, Sutton Coldfield, Warwickshire. 
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GRADUATES’ AND STUDENTS’ SECTION 
The following meetings have been arranged : 


Friday, November 7th, 1958 


Dr. L. G.. Booth, D.I.C., on ‘‘ Advanced Ideas in 
Timber Structures.”’ 


Friday, December 5th, 1958 
Mr. H. C. Husband, B.Eng., M.I.Struct.E., M.I.C.E., 
M.I.Mech.E., (Honorary Editor) will introduce a 
sound film of the history and construction of ‘‘ The 
Jodrell Bank Radio Telescope.” 


Friday, January 9th, 1959 


Mr. S. M. Cooper, A.M.I.Struct.E., will give a talk 
and film show on “ The Failure of the Tacoma Narrows 
Bridge.” 

All meetings will be held at the Birmingham Ex- 
change and Engineering Centre, Stephenson Place, 
Birmingham, commencing at 6.30 p.m., preceded by 
tea from 6 p.m. Visitors will be welcome. 

Hon. Secretary: F. A. Butterworth, “ Roscrea,”’ 

Tansey Green, Pensnett, Brierley Hill, Staffs. 


NORTHERN COUNTIES BRANCH 
Alteration of Meeting Date: Owing to unforeseen 
circumstances which arose after the Sessional Pro- 
gramme had gone to press, it was necessary to put 
forward the date of Professor Cassie’s lecture on 
“Settlement Problems in Mexico City’ from the 4th 
November (as announced) to the 28th October, 1958. 
The following meetings have been arranged : 


Wednesday, November 5th, 1958 
At Newcastle. Mire Wr. Fok Day; +0. Bits 
A.M.1.Struct.E., on “‘ Nuclear Power Stations.” 
Tuesday, December 2nd, 1958 
At Middlesbrough. Mr. D. R. Sharp, M.B.E., 
oc) AM Stract.E., A.M.I.C.E., on “ Concrete 
Roads—Some Recent Developments.”’ 


Wednesday, December 3rd, 1958 
The above paper will be repeated at Newcastle. 


Wednesday, January 7th, 1959 

Joint Meeting with the Northern Architectural 
Association. 

At Newcastle. Mr. W. H. G. Durose, M.I.Struct.E., 
on “‘ The Relationship between Contractors and their 
Clients.”’ 

Wednesday, January 14th, 1959 

Joint Meeting with the Tees-Side Branch of the 
Institution of Civil Engineers. 

At Middlesbrough. Mr. P. C. G. Isaac, B.Sc.(Eng.), 
M.I.C.E., F.R.S.H., on “ Roman Public Works Eng- 
ineering.”’ 

Meetings in Middlesbrough will be held in the 
Cleveland Scientific and Technical Institution, and 
meetings in Newcastle will be held in the Neville Hall. 
Buffet tea is served at 6 p.m., and meetings com- 


mence at 6.30 p.m. 
Hon. Secretary: H. W. Dowe, AC MAeStruct: 2 2. 


The Crescent, Saltburn-by-the-Sea, Yorks. 


NORTHERN IRELAND BRANCH 
The following meetings have been arranged : 
Tuesday, November 11th, 1958 


Mr. A. H. K. Roberts, B.A., B.A.I., M.1.Struct.E., 
M.I.C-E.1., A.M.1.C.E., will be installed as Chairman 
and will give an address entitled “The Chairman 


presents .... 
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Tuesday, December 2nd, 1958 
Mr. J. McClure, B.Sc., A.M. l.Struct.E.,, A-M.L CE. 
will give a ‘“‘ Report on the Third International Con- 
gress on Prestressing, Berlin, May, 1958.” 
This meeting will be attended by the members of 
the Northern Ireland Association of the Institution 
of Civil Engineers. 


Tuesday, January 6th, 1959 

Dr. K. C. Rockey, A.M.I.C.E., A.M.I.Mech.E., on 
“ The Design of Plate Girders.”’ 

Meetings will be held at the College of Technology, 
Belfast, at 6.45 p.m., unless other notification is given. 
Hon. Secretary L. Clements, A.M.I.Struct.E., 
A.M.I.C.E., A.M.I.Mun.E., 3, Kingswood Park, Cherry- 
valley, Belfast. 


SCOLTISHSB RANCH 
The following meetings have been arranged : 


Tuesday, November 4th, 1958 


Mr. C.. M. Wilson, M.1.Struct.E., -M.1.C.E.,- on 
“ Structural Steel Framework and Overhead Gantries 
at Leith Fertiliser Works for S.A.I. Ltd.” 

At the Adelphi Hotel, Coburn Street, Edinburgh, 
commencing 6.15 p.m. 


Tuesday, November 25th, 1958 


Joint Meeting with West of Scotland Branch, The 
Institute of Welding. 

Mr. David Watson on “ Application of Welding to 
Structural Engineering.” 


Tuesday, December 9th, 1958 
Mr. K. F. Geesin, M.I.C.E., on “ Structural Aspects 
of Ravenscraig Melting Shop.” 
Tuesday, January 20th, 1959 


Mr. A. R. Dykes, B.Sc., A.M.I.Struct.E., A.M.I.C.E., 
on “ Field Investigation of some Engineering Struc- 
tures.” 

Unless otherwise stated meetings will be at The 
Institution of Engineers and Shipbuilders, 39, Elmbank 
Crescent, Glasgow, commencing at 7 p.m. 

Hon. Secretary: W. G. Cantlay, B.Sc., M.I.Struct.E., 
A.M.I.C.E., 3, Blairbeth Terrace, Burnside, Glasgow. 


SOUTH WESTERN COUNTIES BRANCH 
The following meetings have been arranged : 


Thursday, November 6th, 1958 


Mr. E. W. Howells, M.I.Struct.E., will give the 
Chairman’s Address. At the Grand Hotel, Plymouth, 
at / p.1s 


Friday, December 5th, 1958 
Mr. Walton Lund on “ The Construction of the new 
Queen Elizabeth Dock at Falmouth.” 


The meeting will be in Truro at a time and venue to 
be notified. 


Friday, January 9th, 1959 
Joint Meeting with the local branch of the Institution 
of Civil Engineers. 
Mr. M. Holmes, B.Sc., A.M.I.C.E., on “ Strength of 
Lattice Girders.”’ 


At the Duke of Cornwall Hotel, Plymouth at 6 p.m., 
preceded by tea from 5.30 p.m. 
Hon. Secretary: C. J. Woodrow, J.P., “ Elstow,” 


Hartley Park Villas, Mannamead, Plymouth, Devon, 
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WALES AND MONMOUTHSHIRE BRANCH 
The following meetings have been arranged : 


Wednesday, November 5th, 1958 


At Cardiff. Mr. Wallace A. Evans, M.I.Struct.E., 
will give the Chairman’s Address. 


Monday, November 10th, 1958 
The Chairman’s Address will be repeated at Swansea: 
Since the Sessional Programme went to press it has 
unfortunately been necessary to alter the date of this 
meeting, which was originally announced to be held 
on Wednesday, 12th November. 


Saturday, November 15th, 1958 

The Chairman’s Address will be repeated at Colwyn 
Bay. 

Friday, December 12th, 1958 

Joint Meeting with the Institution of Civil Engineers 
and Institution of Municipal Engineers. 

At Cardiff. Professor B. Neal, M.A., Ph.D., 
A.M.I.C.E., A. Harvey, Ph.D., and Lt.-Col. A. Borlase, 
T.D., M.I.C.E., will present a Symposium of Papers 
on “‘ The Education and Training of a Civil Engineer.”’ 


Wednesday, January 7th, 1959 
At Swansea. Films showing works of interest to 
structural and civil engineers, to be followed by a 
discussion. 


Note: This meeting was originally announced for 
Wednesday, 14th January, 1959. 


Thursday, January 22nd, 1959 


Joint Meeting with the Institution of Municipal 
Engineers. 

AD Colwyn. “Bay. “Mro-C.D. Ga Brame;), B.Sc., 
Mil:Struct.E.¢ M1. CE.» ome The: Design ofa Sea 
Outfall.” 

Meetings at Cardiff will be held at the South Wales 
Institute of Engineers, Park Place, commencing at 
6.30 p.m. Meetings at Swansea will be held at the 
Mackworth Hotel, High Street, commencing at 6.30 
p.m. The time and place of meetings at Colwyn Bay 
will be notified. 

Hon... Secretary : «KK, «J. Stewart, A.M. LStructBy 
A.M.I1.C.E., 15, Glanmor Road, Swansea. 


WESTERN COUNTIES BRANCH 
The following meetings have been arranged : 


Thursday, November 20th, 1958 


Joint Meeting with the Institution of Civil Engineers. 
Mr. M. Holmes, B.Sc., A.M.1.C.E., on “ The Strength 
of Lattice Girders.”’ 


Friday, December 5th, 1958 


Mr. G. R. Caines (Student) on “ Modular Planning 
in the Drawing Office.” 

Mr. J. R. Daniell on “‘ The Measurement of strain 
by an electrical method.” 


Friday, January 2nd, 1959 


Professor A. W. Hendry, D.Sc., Ph.D., M.I.Struct.E., 
M.I.C.E., on ‘ Model Analysis of Structures.” 


Meetings will be held in the Small Lecture Theatre, 
University Engineering Laboratories, University of 
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Bristol, commencing at 6 p.m., preceded by tea at 
5.30 p.m. 


Hon. Secretary : A. C. Hughes, M.Eng., A.M.I.Struct.E., 
A.M.I.C.E., 21, Great Brockeridge, Bristol, 9. 


YORKSHIRE BRANCH 
The following meetings have been arranged : 
Wednesday, November 12th, 1958 


At Leeds. Mr. G. .Br-Godtrey; "A. MAiStructiag 
A.M.I.C.E., A.M.I.Mun.E., (Associate-Member of 
Council) on “‘ Tubes and Hollow Sections.” 


Wednesday, December 3rd, 1958 


At Sheffield. Mr. F. J. Samuely, B.Sc.(Eng.), 
M.I.Struct.E., M.I.C.E., on “‘ Precast Concrete Struc- 
tures with particular reference to Folded Slab Roof 
Construction.”’ 


Wednesday, December 10th, 1958 


At Leeds. Mr. S. Barlow, M.I.Struct.E., and Mr. 
G. Foster, A.M.I.Mech.E., on ‘“‘ Universal Beams and 
their Application.” 


Wednesday, January 21st, 1959 


At «) Leeds.,.g¢Masy Ni Ty .Barretize: B.Scaagas 
A.M.I.Struct.E., on “ Housing the Dounreay Fast 
Reactor.” 

Meetings at Leeds will be held at the Metropole 
Hotel, King Street, and meetings at Sheffield at the 
Royal Victoria Hotel. Meetings will commence at 
6.30 p.m., preceded by buffet tea at 6.15 p.m. 

Hon. Secretary: W. B. Stock, A.M.1.Struct.E., 34, 

Hobart Road, Dewsbury, Yorks. 


UNION OF SOUTH AFRICA BRANCH 


Hon. Secretary. OX. FE. Tait, Bisc., Aso oa Gees 
A.M.I.C.E., P.O. Box 3306, Johannesburg, South 
Africa. 

During weekdays Mr. Tait can be contacted inthe 
City Engineer’s Department, Town Hall, Johannes- 
burg. Phone 34-1111, Ext. 257. 

Natal Section Hon. Secretary: J. C. Panton, 
A.M.I.Struct.E., A.M.1.C.E.,° c/o - Dorman sibeng 
(Africa) Ltd., P.O. Box 932, Durban. 

Cape Section Hon. Secretary: R. F. Norris; 
A.M.I.Struct.E., African Guarantee Building, 8, 
St. George’s Street, Cape Town. 


EAST AFRICAN SECTION 


Chairman: R. A. Sutcliffe, M.I.Struct.E. 
Hon. Secretary: K. C. Davey, A.M-T:Struct.Ey Py0: 
Box 30079, Nairobi, Kenya. 


SINGAPORE AND FEDERATION OF 
MALAYA SECTION 


Chairman: Mr. T. Karmakar. 

Hon. Secretary: Mr. W. N. Cursitor, B.Sc., 
A.M.1.Struct.E., c/o Redpath Brown & Co. Ltd., 
P.O. Box 648, Singapore. 

Acting Hon. Secretary: Mr. Chin Fung Kee, Depart- 
ment of Engineering, University of Malaya, 
Singapore 10. 
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These two new larger bar sizes mean that the 

Tentor range is now extended to cover the demands of nearly 

all concrete reinforcement jobs. 

Consider the maximum tensile stress for Tentor Bars, 

now 30,000 Ibs. (CP.114, 1957). That gives a 

saving of 15 % of the cost of mild steel rounds. And the maximum 
compressive stress, now 23,000 lbs./sq.in., gives a cost 

for Tentor still generally less than that for mild steel bars. 
Deliveries are made to suit contract programmes cut to length or 
bent to schedules. 

Stock service is available from London, Birmingham, 


Wigan and Sheffield. 


TENTOR Regd. Trade Mark 


cS 


Extra Tentor sizes! 


Suppliers 


B.R.C. STEEL LTD., 

Silkmore Lane, Stafford. 

Stafford 444, and Branch Offices. 

G.K.N. REINFORCEMENTS LTD., 
197 Knightsbridge, London, S.W.7. 
KEN 6311. 

McCALL & CO. (SHEFFIELD) LTD., 
P.O. Box 41, Sheffield. 

Rotherham 2076, and Branch Offices. 
STEEL, PEECH & TOZER LTD., 
Branch of the United Steel Companies Ltd., 
The Ickles, Sheffield. 

Sheffield 41011, and Branch Offices. 
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PRECAST CONCRETE 


PILES 


\. Preferred by constructional engineers 
for their unchanging supremacy, Stent 
Precast Concrete Piles have proved 
their qualities wherever used. 


AVAILABLE FOR 
IMMEDIATE DELIVERY 


Z 


STENT PRECAST CONCRETE LTD. “FOS ink: onc oocy, So 


Horizontal Table Type. 


Ss. RUSSELL & SONS LTD, LEICESTER, ENGLAND 


BACKED BY OVER 40 YEARS SPECIALISED EXPERIENCE 


SR 581 


RA 


KAN DADIAALA J 
CLASS 1BELDEA 
fully satisfy the requirements of the Act 


__ pegarding Thermal Insulation and 


Resistance to Spread of Flame! 


3% THE THERMAL INSULATION 
(INDUSTRIAL BUILDINGS) ACT, 1957 


Here’s a structural insulating material 
witha Class I rating for spread of flame! 
When Stramit Class | slabs are used as 
roof-decking under felt, they have a 
U-value of 0.23 and so easily satisfy the 
requirements of the new Act (which 
stipulates a U-value not greater than 
0.3). And, of course, when Stramit is 
weathered with corrugated asbestos 
its U-value improves still further. 


The essential Class | rating for spread 
of flame is achieved without further 
treatment, thanks to a special asbestos 
facing on the slabs. Stramit Class | 
slabs are strong, rigid and durable, and 
cost only I|/3d. per sq. ft. 


STOCK SIZES: 


2 in. thick x 4 ft. wide x 6, 8, 9, 10 
and 12 ft. long. 


Special sizes made to order. 


STITT UUON UU UTIL UUUUUIL LULU LLL 
To: STRAMIT BOARDS LTD., cowLey PEACHEY, 
UXBRIDGE, MIDDX :: Telephone: West Drayton 3751 
Please send me full details of Stramit Class | building slabs. 


[Ee 


For the attention of............ 


TMNT LUUUUUUULL LULU 


IUUVUQUUETUUUN0CUUEEUUUUUEU AUNT 


i 


36 The Structural Engineer 


GATWICK AIRPORT 


for Ministry of Transport 


and Civil Aviation 


7) ee 


Metal windows supplied and fixed to Ist floor of 
the Pier, G.P.O. Block and Boiler House and Metal 
Ventilator Inserts to the cladding to the Terminal 


Building. 

M ET ; E O WwW } : S & C O t y f 'D Consulting Engineers: Frederick Snow & Partners 
® @ Architects. Messrs, Yorke, Rosenberg & Mardall 

SHEFFIELD LONDON OLDHAM Main Contractors: Turriff Construction Co. Ltd. 


CTURAL 


No a BRITAIN'S ATOMIC 
en FACTORIES 


a 


25,000 TONS OF 
STEELWORK 


Under direct contract with the Ministry of Works, Alex 
Findlay & Co. Ltd. Motherwell, have supplied, delivered 
and erected over 25,000 tons of steelwork to build 


: a a the United Kingdom Atomic Energy Authority 
: = aaa ss spit ee plant at Capenhurst Works, Chester. 
Alan MOTHERWELL +: SCOTLAND 
£ y Phone: Motherwell 2301 (6 lines) 
e @ 
STRUCTURAL ENGINEERS *Member of the Nuclear Power Plant Co. Ltd. 


eee I EEE 
CONDON OFFICE: HIGH HOLBORN HOUSE, 52/54 HIGH HOLBORN W.C.1 TELEPHONE HOLBORN 7336-3089 
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When vibration 
is a problem 


Leas Cliff Hall, owned by the Folkestone 
Borough Council, is sited on a cliff face. 

» Owing to the cliff showing signs of slip- 
ping (note the exposed foundations in 
the photograph), it was decided to 
construct a protection apron at ground 
floor to carry the rainwater away from 
the existing foundations, 

It was feared that any vibrations 
might cause further movement and the 
sloping ground made access difficult to 
the site. 

Their problem was solved by adopting 
the Pressure Piling System. Without 
causing any vibration piles were sunk to 
a depth of 40 ft. and reinforced with 
heavy steel joists. One of these joists 
can be seen in the illustration as it is 


being lowered into a borehole. 


General Contractors : Messrs. Richard Costain Ltd. 


THE PRESSURE PILING COMPANIES 


THE PRESSURE PILING COMPANY (PARENT) LTD Architects and Engineers are in- 
637 Old Kent Road, London, S.E.15. Tel: New Cross 0357/8/9 vited to write for a copy of ‘ The 
Pressure Piling System’. It gives 

Enquiries for the North of England, you technical data on piled founda- 

Scotland, Northern Ireland and Eire should be addressed to:— tions and under-pinning for rapid 

THE PRESSURE PILING COMPANY (NORTHERN) LTD vibrationless construction and 
Charnley Fold Lane, Bamber Bridge, Nr. Preston repairs. It is free and post free. 


Tel: Preston 85723 


The original and Largest Bored Piling Specialists in the World 
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Standard designs 
200’ 0” to 30’ O” spans 


Larger spans available if required 
STEEL ECONOMY « SPACE ECONOMY 


TROPICAL SHEDS & HOUSES 
GODOWNS : BARRACKS * OFFICES, ETC. 


tj 


mee il 
Telia | 


We supply and erect in any part 
of the world 


2 SX 2 
ee 3 yee 
, 2 x % 
Al foes eo See 
Sane ee oir coe e nan Co Sere ree ome a wed Se ee 


GENERAL UTILITY STEEL BUILDINGS anno HANGARS 


FOR HIRE: Erection Masts 30ft. to r80ft. high. Cranes and lifting tackle. 


BELLMAN HANGARS 


LIMITED 


HOBART HOUSE, GROSVENOR PLACE, LONDON, S.W.1 Tel: SLOANE 5259 Cables: Unitstruct, London 


CHEMICALS FROM COAL 


ae . i black 
ROTHERGLOSS : resin 


| 


' paint 


SS 
SANS, 


. : WS 


Q's 
SSSNN SOR 


ROTHERGLOSS is a new black resin paint 


designed for protection against severe industrial Yy i 
conditions. It is permanently plasticized and THE UNITED Yy 
chemically inert—a flexible, durable coating for Up 

steel, concrete, wood, brick and asbestos. et Wy 
Particularly suitable for chemical plant. Available ; : 

in 5, 10 and 4o gallon drums. et eeetiagg nnn 


Enquiries to: 
United Coke and Chemicals Company Limited 
(SALES DEPARTMENT 208) P.O. Box 136, Handsworth Sheffield, 13 
Telephone: Woodhouse (SHEFFIELD) 3211. Telegrams: ‘Unichem’ Sheffield 
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Sa 


Landmarks 
of Today 


The new Boiler House for the 
I.C.1. Kynoch Works at Witton, 


Birmingham, is an impressive 


se 


construction for which 


OBER eB 
vay’ 


vw 7 ag! 


we fabricated and erected the 


ay, Sea 


i 


5 apna ais. 
52 PE 
8) 
a 
i 


a § 


steelwork. Its striking 


proportions provide yet another 


RS (UE 


ot F RRR, 


of to-day’s landmarks. 


Illustration by courtesy of 
Imperial Chemical Industries Limited, 


Metals Division. 


EDWARD 


Steelwork to the design of 
Babcock & Wilcox Limited, 
London and Renfrew. 


CONSTRUCTIONAL ENGINEERS 


Registered Office and Works : Telephone: TRAfford Park 2341 (10 lines) 


OCEAN IRONWORKS -: TRAFFORD PARK - MANCHESTER 17 


London Office: 68 Victoria Street, S.W.1. Telephone: VICtoria 1331 [2° : Technical Offices at Birmingham & Nottingham 


dm WD 76 
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STEELWORK by RUBERY OWEN & CO. LTD. 


The basis of 

an economical 
building 

is the 

RIGHT DESIGN 


We have experienced Design 


and Estimating staffs in 
Darlaston, Birmingham and 
London who are readily 
available to work in the 
closest collaboration with 
Architects, Engineers and 
Municipal Authorities 


and are waiting to serve you. 


RUBERY OWEN & CO. LTD., STRUCTURAL DIVISION, P.O BOX 10, DARLASTON, WEDNESBURY, STAFFS. 
TELEPHONE: JAMES BRIDGE 3131. TECHNICAL BUREAUX: LONDON, BIRMINGHAM, COVENTRY, SOUTHAMPTON 


M:E-M BER Ov Fe \T-+ Eo SOW EN ORIG Nes ee ION 
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OFFICIAL APPOINTMENTS 


AIR Ministry Works Design Branch, requiresin London, Structural 
Engineering Designer/Draughtsmen for reinforced concrete or 
structural steel work with sound technical training and several 
years varied experience in design/detailing of (a) Reinforced 
concrete construction of all types of buildings or (b) Steel framed 
sheds, warehouses and similar buildings. Salaries up to £1,015 
p-a. Starting pay dependent on age, quals. and exp. Long term 
possibilities with pensionable and promotion prospects. 5-day 
week, 3 weeks 3 days leave a year. Normally natural born British 
subjects.—Write stating age, quals., employment details in- 
cluding type of work done to any Employment Exchange 
quoting Order No. BOROUGH 101. 


BRITISH Railways Research Department. Vacancy for Scien- 
tific Officer Grade 1 at Derby to take charge of project involving 
original work in soil mechanics. Candidates should preferably 
have good honours degree and have had previous experience of 
experimental work in this field. Salary range: £1,015 to £1,120 
per annum. Certain free and reduced rate travel facilities. 
Medical examination.—Applications stating age, qualifications 
etc. to Director of Research, British Transport Commission, 
(British Railways Division), 222, Marylebone Road, London, 
N.W.1. 


CLASSIFIED ADVERTISEMENTS 


From January, 1958, the rate per word will be 
increased from 8d. to 1/- 


2 in. Semi Dispray £6 Os. Od. 
RATES 8 in. +5 £8 10s. Od. 
4 in. an £11 Os. Od. 


SITUATIONS VACANT 


CHIEF STRUCTURAL ENGINEER. Major British Contractors 
proposing to establish a Precast Concrete Division in Africa 
where they are already well-established, require a senior con- 
crete design engineer, qualified, aged 30-40 to be responsible for 
the design of all pre-cast and prestressed units, and their manu- 
facturing techniques and site erection methods, particularly 
including framed buildings, different types of pre-cast cladding, 
transmission poles and railway sleepers. The appointment 
offers considerable possibilities to a first class structural engineer 
interested in competitive pre-cast concrete design. Good 
salary, allowances, accommodation, family’s. passages, 18 
month initial tour.—Write in confidence to Box No. 9010 
quoting ref. NOP/13., stRUCTURAL ENGINEER, 43a, Streatham 
Hill, S.W.2. 


CONSULTING Structural Engineers require experienced R.C. 
detailers and designer detailers for variety of structures. High 
salaries paid to experienced men. Five day week: pension 
scheme.— Applications in strict confidence, stating full details 
of experience and salary required to Alan Marshall and Partners, 
73/74, High Holborn, W.C.1. 


CONSULTING Structural Engineers require Senior Engineer to 
design R.C. and steel structures and supervise detailing. Varied 
and interesting work. Five day week; pension scheme.— 
Apply stating full details of experience and salary required to 
Alan Marshall and Partners, 73/74, High Holborn, W.C.1. 


CONSULTING Engineers have vacancies for Designer/Draughts- 
men with minimum 3 years experience of structural R.C. work. 
Salary commensurate with experience.—Bylander, Waddell & 
Partners, 26, Old Burlington Street, W.1. 


CONSULTING Engineer. Westminster, invites applications from 
designer/detailers and detailer draughtsmen fully experienced 
in reinforced concrete. Salary scales appropriate to experience 
and ability, non-contributory pension and bonus schemes in 
operation.—Apply in writing giving full particulars to Box 
9008, STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 
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COMPLETE 
SITE INVESTIGATION 


Field Tests Soil Sampling and Analysis 


The service provided jointly by Pre-Piling 
Surveys and Duke & Ockenden covers 
the whole field of site investigation and 
ground testing. 


The unique Pre-Piling deep penetration 
tests yield a continuous record of the 
variations in bearing value and character 
of strata. All cavities and pockets are 
exactly located. 


Duke & Ockenden are specialists in boring 
for all purposes, soil sampling for labora- 
tory analysis and the provision of full 
geological reports. Their DANDO cable 
percussion and rotary drilling equipment 
is well known in all parts of the world. 
We areconfident that architects, engineers 
and surveyors will find in this co-operative 
service an unequalled source of systematic, 
exhaustive survey, accurate data, adapta- 
bility and economy, 


_PRE-PILING SURVEYS 


Tel. ABBey 4925 


7 in) 


U7 
SURVEYS 


Gy DUKE & OCKENDEN 
Sg 


LTD. 
Tel. ABBey 6338 


9° VT ETORLA STREET, 
WESTMINSTER, S.W.1! 


Works. Ferry Wharf, Littlehampton. Tel.: Littlehampton 6 


Contractors to the Admiralty, War Office, Air Ministry, 
Crown Agents, British Railways, Public Works 
Authorities 
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CLASSIFIED ADVERTISEMENTS—continued 
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= DRAUGHTSMEN— 
NUCLEAR POWER 
SIMON-CARVES LTD., 


have vacancies in their 


NUCLEAR POWER DEPARTMENT 
IN LONDON AND ERITH (KENT) 


for the following : 
(a) CIVIL ENGINEERING DESIGN DRAUGHTSMEN 


for structural design work in reinforced concrete and steel for 
Reactors and associated structures, and the housing of conventional 
plant in Nuclear Power Stations. 


Applicants must be of H.N.C. standard, and have sound experience 
of reinforced concrete and/or structural steel design work for 
industrial projects. (Ref. CB.9). 


(b) CIVIL ENGINEERING DESIGN DRAUGHTSMEN 


for general Civil Engineering work in connection with design of 
Effluent Treatment systems, drains, roads, and other site works for 
Nuclear Power Stations. 


Applicants must be of H.N.C. standard and have previous experience 
of a similar type of design work. (Ref. CB.10). 


These positions are permanent and pensionable. Good 
starting salaries will be offered to the right men. 5 day 
week; 3 weeks’ annual holiday. Send brief relevant details 
to Staff and Training Division, SIMON-CARVESLTD. Cheadle 
gg Heath, Stockport, Cheshire, quoting the appropriate refer- 


ence number. 
ia 


DESIGNER Draughtsman required for Consulting Engineers 
office mainly for designing, detailing reinforced concrete. 
Knowledge of steelwork an advantage. Applicant is required 
to carry the work through from inception to completion and carry 
out his own administration. Salary according to ability and 
experience. Good opportunity for right man under pleasant 
and informal working conditions——Write Box No. 9011, 
STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 


DRAUGHTSMEN. Senior Detailer required by old established 
Structural Engineering Company.—Box No. 9006, sTRUCTURAL 
ENGINEER, 43a, Streatham Hill, S.W.2. 


E. J. Cook & Co. (Engineers) Ltd., have a vacancy for a Structural 
Steelwork Detailer/Designer who would like an opportunity to 
gain or improve his experience in Reinforced Concrete Detailing 
and Design.—Applications to 54, South Side, Clapham Common, 
S.W.4. (Phone—MAC 5522). 


R.C. Designer/Detailer required by North London firm of 
contractors, capable of preparing schemes from estimate stage 
to final details. Age 22-28. R.C. detailer also required with 
at least five years drawing office experience.—Applicants should 
state experience, age and salary required to Hyde R.C. Co. Ltd., 
St. James’s Lane, Muswell Hill, N.10. 


REINFORCED Concrete and Structural Steel detailers required 
for Consulting Engineer’s Office in N.W. London. Salaries up 
to £1,000 a year for right men. Superannuation Scheme and a 
38 hour week.—Reply Box 9009, stRUCTURAL ENGINEER, 43a, 
Streatham Hill, S.W.2. 


REINFORCED Concrete Designer-Detailer required by Con- 
sulting Civil Engineers in Manchester. A wide variety of work 
is available. Pension Scheme.—Applicants should state age, 
experience, and qualifications to Bertram Done and Partners, 
55, Cross Street, Manchester, 2. 


The Structural Engineer 


FERRO CONCRETE 
ENGINEERS AND CONTRACTORS 
in S.W. district of London 
have the following vacancies in connection with their programme 
of expansion : 
4 Senior Designers — Salary Range £1,000 — £1,250 p.a. 
£750 — £900 p.a. 
£1,000 — £1,250 p.a. 


4 Detailers — rs 9 


Estimator — a ~ 


The company operate a five-day week and Pension Scheme, 
and provide luncheon vouchers. Progressive prospects for men 
with initiative. Applications will be treated with strictest 
confidence. 


Reply to Box No. DA608 c/o White’s, 72 Fleet St. E.C.4. 


| 4456606066006 
POSSSHTOSIOTSOOS 


> 
of 
oe 


5446554 
SOCOSOOOD 


REINFORCED concrete designers and detailers required in 
South London consulting engineers’ office.—Box No. 0860. 
STRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 


REINFORCED concrete detailers urgently required by Consulting 
Engineers in London. Permanent and progressive work.—Box 
No. 9005, sTRUCTURAL ENGINEER, 43a, Streatham Hill, S.W.2. 


SALES MANAGER 
Required by 


CONSTRUCTIONAL ENGINEERING COMPANY 
Situated in the North West. 


This is a new position to be created in a Company which has 
been expanding steadily for many years, and which is gradually 
broadening its interests. 

The successful candidate must be able to co-ordinate the 
Sales effort, and advise upon Sales Policy, advertising, export and 
market research. He must havea sound knowledge of Structural 
Engineering and must also have the qualities to play an essential 
part as an executive in an organisation where team spirit is 
considered important. 

Age limits 35 to 45 


Box No. 9012, STRUCTURAL ENGINEER, 43a, Streatham Hill, 
S.W.2. 


STRUCTURAL Engineer required at Branch Office Nr. Coleshill, 
Birmingham. Attractive post offered to person capable of 
working on own initiative with experience in preparation of 
Estimates, Design and details of standard and special Precast 
and Prestressed concrete Floors, Beams & Frames, and interested 
in Works, quality control and administration Apply Managing 
Director, Fram Co., 165, Plymouth Grove Manchester, 13. 


STRUCTURAL Engineers required by Consulting Civil Engineers 
in Manchester. A wide variety of work is available. Pension 
Scheme.—Applicants should state age, experience and quali- 
fications to Bertram Done and Partners, 55, Cross Street, 
Manchester 2. 


TAYLOR Woodrow Construction Ltd., invite applications from 
CIVIL ENGINEERS for site work. Excellent conditions of 
employment, including pension scheme participation, and first 
class opportunities are offered.—Applications should be addressed 
to P. R. Personnel Department, Ruislip Road, Southall, Middle- 
sex. 


November, 1958 


WINN & COALES LTD. 


Denso House, Chapel Road, West Norwood, London, S.E.27. Phone: GIPsy Hill 4247. 
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for tubular 
structures 


SIMPLE AS WRAPPING A PIPE! 


Where severe corrosive conditions are 
such that nothing but DENSO will 
do, the modern tubular structure is 
often employed for the very reason 
that the method of applying Denso 
Tape to the steelwork is literally as 
simple as wrapping a pipe... . and 
equally effective and economical. 


Public Works Exhibition 


Stand 506 
National Hall Gallery 
Olympia 


10-15 November 


*Grams: Denselte, Westnor, London. 


Northern Area Headquarters : DENSO HOUSE, 10, GLEBELANDS ROAD, SALE, CHESHIRE. 


CLASSIFIED ADVERTISEMENTS—continued 


FREDERICK S. SNOW & PARTNERS 
require at 


GATWICK AIRPORT 


QUALIFIED ENGINEER FOR 
SUPERVISION OF CIVIL & STRUCTURAL 
SITE ORGANISATION 
POST FOR 1 YEAR WITH POSSIBILITY 
OF EXTENSION 


WRITE STATING AGE, EXPERIENCE ETC. 
TO 
MONRO BUILDING, WELLINGTON ST., W.C.2. 


FOR HIRE 


LATTICE Steel Erection Masts (light and heavy), 30 ft. to 
150 ft. high for immediate hire-—Bellman’s, 21, Hobart House, 
Grosvenor Place, S.W.1. (’Phone : SLOane 5259.) 


20 TON Lorry Mounted Crane. 30ft.-80ft. boom with 15ft. 
fly jib available for short or long term hire any area. Arup 
& Arup Ltd., Colquhoun House, Broadwick Street, W.1. Ger- 
rard 2708 or 3653. 


TUITION 


Middlesex County Council — Education Committee 


Willedsden Technical College, Denzil Road, Willesden, N.W.10 
Principal: A. E. Jeffrey, B.Sc., Wh.Ex., M.I.Mech.E. 
Head of Department of Architecture and Building : 
Norman Keep, F.R.I.B.A., A.I.Struct.E., M.R.San.J., F.R.S.A. 


PRESTRESSED CONCRETE DESIGN AND CONSTRUCTION 
Lecturer: L. L. Jones, M.A., A.M.I.C.E. 
Course of twelve weekly lectures commencing on Wednesday, 
29th October, 1958, 7 to 9.30 p.m. 
Fee for Course £1. 


PRACTICAL SHELL ROOF DESIGN 
Lecturers }- Dy Bennett, BiEng: 

A course of approximately twenty weekly lectures commencing 
6n Monday, 3rd November, 1958, will be given in the College 
Lecture Hall from 7 to 9.30 p.m. The course is intended for 
Graduates and the Design and Executive Staffs of the Structural 
and Civil Engineering professions. 

The course will include the complete design for two or three 
types of shells together with the necessary structural analysis 
also the design of North Light and Dome Roofs. 

Fee for Course £2 


Application to and further particulars from the Head of the 
Department. 
Nearest stations—Dollis Hill or Neasden (Metropolitan and 
Bakerloo lines). 
CO E"GURES M.S¢., PhDs 
Secretary to the Education Committee. 


GUARANTEED Coaching for Inst. Struct. Engrs., Inst. Civ. 
Engrs., Inst. Mun. Engrs., etc. Study at home under highly 
qualified tutors with most successful school. Also courses in 
all aspects of Building, Engineering, Draughtsmanship, etc.— 
Write for Free book—JIJnternational Correspondence Schools, 
71, Kingsway (Dept. 423), London, W.C.2. 
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George Cooper & Sons 


PROPRIETORS THOS, W. WARD LTD. 


EFFINGHAM NUT & BOLT WORKS 


SHEFFIELD 


Phone: 41026 Grams: ‘ COOPER’ 


CLASSIFIED ADVERTISEMENTS—continued 


FOR SALE 


BERRY Double Geared Double Ended Punching, Shearing & 
Angle Cropping Machine for sale. Punches 1 in. diameter hole 
through | in. thick. Largest diameter holes 1$in. Depth of gap 
254 in. Shears plates up to 1 in. thick. Length of blades 174 in. 
Depth of shear gap 25}ins. Crops angles up to 6in. x 6in. 
Arranged motor drive 400/3/50. Complete with 30 cwt. over- 
head gantry at each end and two tackle trolleys. Weight about 
124 tons. F. J. Edwards Ltd., 359-361, Euston Rd. London, 
N.W.1., or 41, Water St., Birmingham 3. 


BIGWOOD Type PBC 4-roll Motorised Plate Bending and 
Straightening Machine for sale. Capacity 48in x in. Rollers 
55} ins. long x top, Yins. diameter, others 8ins. diameter. 
Electrical Equipment for 440/3/50. Power rise and fall to 
rollers through clutches. Swing out end bearing with Self- 
Support to top roller.—Photo etc. from F. J. Edwards, Limited, 
359, Euston Road, London, N.W.1. or 41, Water Street, Birming- 
ham, 3. 


The Structural Engineer 


ELIMINATE RUST 
and MILL SCALE 


HIGHER COSTS 
call for 
BETTER & MORE 
LASTING FINISHES 


Let us quote you for 


SHOT BLASTING 


prior to priming 


or preferably— 


SHOT 
BLASTING & 
METAL 
SPRAYING 


‘& METAL SPRAYING CO. LTD. 


SILWOOD ST., BERMONDSEY, LONDON, S.E.16. 
Tel: BERMONDSEY, 113! 


“ERCO” Punching and Riveting Machine for sale, No. 244, 
beam type. Double sided. Pneumatic. For all types of 
rivets. Hopper feed. Will do both or separate operations. 
Max. combined thickness punched #3 in. Max. dia. of rivet 
# in. Between uprights 96in. Weight about 1 ton. Photo 
etc. F. J. Edwards Limited, 359, Euston Road, London, N.W.1. 
EUSton 4681. 


RHODES Press Brake 18 ft. x }in. for sale, (or 10ft. x 4 in.). 
150 tons capacity. Motorised 400/3/50. Friction clutch. 
Motor adjustment to ram. 90° oe tool 10 ft. 2ins. long, 


and bottom die with 1jin. and 14in. openings. Bed and top 
beam solid steel, 18 ft. 1 in. long. Between uprights 10 ft. 2 in. 
Stroke 5 in. die space 12 in. Weight about 20 tons. F. J. Edwards 


Limited 359, Euston Road, London, N.W.1. or, 41 Water Street, 
Birmingham 3. 
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NEW! 
RUBEROID 


COPPER ROOFING 


Traditional roofing with 


important extras 


Copper gives to roofs a special 
character; its use is almost traditional. Now, the ~ 
introduction of Ruberoid Copper Roofing 
provides a method of roofing in copper which 
reveals new horizons for the building designer. 
These additional features as well as the best 
characteristics of copper are secured when you 
specify Ruberoid Copper Roofing: 

* Copper, bitumen and glass fibre laminated into a 
single sheet gives a bonus in weather protection. 

* All seams and laps are completely sealed. 

* There is a choice of traditional seams, batten 
rolls or flat laps. 

* The indented surface allows for expansion and 
contraction. 

* No work-hardening of copper during fixing. 
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4 * Elimination of wind drumming. 

a 
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. = Ruberoid Copper Roofing consists 

q SS of copper sheet with anindented 

' . surface, laminated with glass fibre THE RUBEROID COMPANY LIMITED 


based bitumen sheeting. It is 
‘ : employed always with Ruberoid Commonwealth House, 1-19 New Oxford St., London WC1 


Reinforced Glass Fibre Based Telephone: Holborn 8797 (10 lines) and 9501 (5 lines) 


Underlay to which it is bonded ; 
with bitumen compound. Technical Branches: Belfast, Birmingham, Bristol, Edinburgh, Glasgow, 


literature available on request. ~ Manchester, Newcastle-on-Tyne, Nottingham 


PUBLIC WORKS AND MUNICIPAL 
SERVICES EXHIBITION " 
Stands 434/435 Grand Hall, Gallery ~ 


—_ 


= 


651 


NOV 20 1958 


eee ‘Engineer --~---- Date ire cones 


hy 


Publication 


On reteipt of this maragi 

1. Score out your own name ‘ 

24 Ho not: keep longer than twa days . 

3. If you recommend. articles to be-indexed or x ead, notate below 
li. Place it for dclivery to next name on aes 


E Date 


| 
| 
x Name __._| Returned | Initial | 


US Awite Wrket o§ 
fp hontne 1 es 
¢ : be Oiieii-—’ 
Aes Galpin Y, "et 
wrstatt: 


Jw thempe 


B,Leipert x ~C . 


yd. aestrong , ASA 


Library 


Articles to be Indexed itCcol. per tea roading For Number | 


THE BRITISH REINFORCED CONCRETE ENGINEERING CO. LTD., STAFF OR eR 
London, Birmingham, Bristol, Leeds, Leicester, Liverpodl, Manchester, Newcastle, Cardiff, Glasgow, Dublin, Belfa f 
Bulawayo, Calcutta, Johannesburg, Singapore, Vancouver. Export Sales: 54 Grosvenor Street. London, 


